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ABSTRACT
A major activity within the systems engineering process is the requirements definition and 
analysis phase. In technical systems, planning this phase looks too technical for top management 
and too broad for the engineers specialized in narrow technical fields. This categorization (too 
technical/too broad) represents a gap between top management and specialized engineering. In 
Saudi Arabia, such a gap is believed to be very wide.
The main objective of this research is to find a way to narrow this gap between 
management and engineering when planning government systems, especially in electronic warfare 
(EW) systems. A solution in this effort is to streamline the process of systems acquisition, with 
more focus on the requirements definition phase before signing the contract.
An acquisition procedural model has been developed. This model is structured in five 
sequenced phases linked through decision points. The first phase focuses on a method to develop 
threat analysis reports and why such a deterrent capability is needed. Requirements engineering 
is the main activity within the second phase. In this phase, the concept of structuring systems and 
subsystems into objects is explored by applying object-oriented expert systems to probe 
requirements completeness, correctness, consistency, traceability, timeliness, and documentation. 
Skeletons of three object-oriented knowledge bases for a Planning Support for Communication 
System (PSCS) were developed using EW sub-fields as the domain objects. The other three model 
phases are invitation for presentation, request-for-proposal (RFP) package development, and 
source selection.
Government and corporate engineers in Saudi Arabia have reviewed the model, and it has 
a strong potential of becoming a Saudi national standard. Data analysis attributes the model’s 
strength to its applicability in 1) structuring the task of systems acquisition and keeping a 
documentation profile; 2) increasing government agencies’ self-reliance when planning systems; 
and 3) facilitating the generation of sound requirements.
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I. INTRODUCTION
A. BACKGROUND
Saudi Arabia is a country that was unified around the turn of the century and has 
come a long way through modernization, especially after implementing the Five-Year Plans of 
the recent past (Rashid and Shaheen, 1987). For the last two decades, the government of the 
kingdom made plans allotting five-year segments to focus on some sector of the country’s 
growth. One of these plans focuses on infrastructure and human resources development. 
Another focuses on industrial development. Many students were sent to western countries for 
their education. Most of these students majored in engineering or the sciences. In the 
meantime, large Saudi projects were initiated. Most of these projects, especially technical 
projects, were planned, designed, and implemented by western companies. Operation and 
maintenance staffs are trained so that the projects can be turned over to the Saudis. In some 
cases, depot maintenance will be contracted to a western company after the warranty period.
The last plan was the fourth Five-Year Plan (1985-1990) for development in Saudi 
Arabia. The main points of this plan that we must address are:
1. Continuation o f human resources development
2. Review of programs for education and training
3. Preparation o f the defense and security plans.
The Saudis must determine whether the Saudi leaders are trained to develop the 
strategies for the future and are the engineers trained to carry out the difficult technical tasks 
necessary to reach the established goals. Indications are definitely positive. The best example 
of this is the number of college graduates in engineering and management in the kingdom.
For example in 1983, college graduates numbered approximately 900 and 700 in management 
and engineering, respectively, in addition to the graduates from abroad (SA-2, 1986). 
However, another task to be considered is defining and bridging the gap between top 
management and engineering.
B. PROBLEM DEFINITION
1. Introduction: One problem realized by Saudi engineers stems from the fact that 
they are normally narrowly specialized with engineering school backgrounds. They are then 
assigned engineering management functions in their jobs, in most cases without formal 
technical management training. I believe that this gap between technology and management is
2especially wide in Saudi Arabia, and it hinders rapid progress toward industrial and economic 
development.
In this section, I will show the initial thoughts o f the focus of this research. The 
preliminary field survey I conducted in the summer of 1991 with engineers in the field (Saudi 
Arabia) will be discussed. Next, I will try to show what appears to be missing from the Saudi 
practice of systems engineering and acquisition when representing the government agencies. 
The purpose of the research will be clarified, and the anticipated results o f the research 
(objectives) will be stipulated. Finally, a consolidated summary of the problem is presented.
2. Initial Thoughts: When I first started this research, the focus was to be on the 
problem of defining functional, operational, and systems requirements for large-scale 
technological projects. The systems I had in mind were radio communication systems and 
software and hardware projects. An extensive literature review was conducted with a wider 
scope. Its aim was to find out how practitioners and scholars tackled the problem of 
establishing project requirements. Furthermore, I contemplated developing an object-oriented 
expert system to develop a planning support system for radio communication system 
designers. With that in mind, I conducted a preliminary survey in Saudi Arabia in the summer 
of 1991.
3. Preliminary Field Survey: The survey was conducted through personal visits with 
leaders in three subject categories. The first category is made up of government agencies 
including the Saudi departments of Navy, Air Force, Land Forces, and Security Services. The 
specific offices contacted were those dealing with electronic warfare (EW) and/or 
communication systems projects. The second category includes western corporations involved 
in these types of projects, such as Siemens AG, General Electric, Westinghouse, Hughes, 
Boeing, and a U.S. Air Force project office. The third category is scholars consisting of 
professors from the Riyadh area.
During the visits, I relied on informal conversations, listening, and note taking. I 
refrained from using tape recorders. No attempt was made to conduct a formal survey at this 
time so that discussions would facilitate a free flow of ideas that might help in defining the 
boundaries of the intended research.
All individuals and groups visited were basically asked the same question. The 
essence of the question was as follows:
3"Based on your experience, explain the general procedure (starting from the 
need or the idea) for acquiring a technical system."
After finishing the overall procedure, a focus on requirements definition methodology was 
sought.
4. Deficiency: The information gleaned from the interviews suggests that some 
procedures are undocumented. However, there is no unique, well-established, and documented 
acquisition process that every project goes through. The general approach appears to be that a 
government agency will contact a potential supplier corporation in one way or another. Then 
the contractor is tasked with planning and developing the system. In a few cases, a consultant 
is brought in to plan and monitor systems development. In some cases, this type of consultant 
could be brought in through a govemment-to-goverament agreement. In source selection, the 
general feeling is that the lowest bidder will win the job. After the contract award, there is the 
problem of trading quality (i.e., requirements) and capabilities for the already-set prices.
The major findings can be summarized as follows:
1. There is no unified documented procedure for technical systems acquisition. The 
literature showed that every developed country has its distinct acquisition process documented 
and made accessible to the industry.
2. Saudi government agencies do not develop a request-for-proposals (RFP) package 
in a complete technical format. This method is known to be a driving factor for systems 
development success in the developed countries.
3. Sources are selected subjectively. No systematic procedure exists for evaluating 
sources through quantitative means.
4. Bid evaluation is mostly governed by the dollar amount. Further, this dollar 
amount is based mostly on the proposed implementation cost and not on the system life cycle 
cost.
The preliminary survey indicated that there is a need to develop a technical systems 
acquisition and engineering methodology to be implemented in Saudi Arabia.
C. PURPOSE OF THE RESEARCH
The purpose of the research is to find a way of bridging the gap between top 
management and specialized engineering in the systems acquisition process. This gap is
£Figure 1 Problem Characteristics
pictured in Figure 1. Possible solutions to narrow this gap are depicted in Figure 2. These 
are: train engineers to become managers (ENG-MGT), train managers to become engineers 
(MGT-ENG), hire different denominations of engineers such as systems or industrial 
engineers in combination with the specialty (electrical/electronics, for example) engineers 
(NEW TYPE OF ENG), bring in consultants for systems planning (CONSULTANT). 
Another way of bridging this gap (our approach in this research) is to develop a systematic 
procedural model for the systems acquisition process. The tremendous amount of activities 
involved in systems acquisition warrants that they be grouped into two super-phases. The first 
group is the planning activities. The second group is the implementation or monitoring 
activities. A logical cutoff point is after the contract award. Our scope o f research is to focus 
on activities in the first group, shown graphically in Figure 3. These two groups are equally 
important. However, since the overall goal o f this research is to help the Saudi government 
agencies help themselves, which in turn will help the contractor companies deliver optimum 
systems, we will focus on the earlier planning activities.
5Figure 2 Alternative Solutions
Thus, the aim is to develop a systematic planning procedure for systems acquisition 
and engineering to serve as a guide for Saudi government agencies.
D. RESEARCH OBJECTIVES
The main objective is to develop a procedural framework for acquiring technological 
systems in general, and in particular for acquiring EW systems for Saudi Arabia. This 
procedure is to be documented and hopefully to be a cornerstone for the practice o f systems 
acquisition and engineering in Saudi Arabia. It is important that this model be as modular as 
possible so that it could be easily adapted to any situation. Simplicity is also an important 
factor for maximizing its usage. The aim is to present this model in a pictorial format. The 
following are the highlights of these objectives:
1. A model/methodology framework shall be developed for planning and systems 
engineering o f technical systems for government agencies, starting with the need/idea of a
6Figure 3 Scope of Research
system and including up through the contract award.
2. The model shall be as structured as possible so that different phases are handled by 
different groups of engineers.
3. Defining functional, operational, and systems requirements (technical section) shall 
be the focus of the RFP package, not the financial aspects.
E. CONCLUSION
Systems acquisition and engineering is a country- or culture-dependent process 
(McGwire, 1988). The United States o f  America, United Kingdom, France, and others each 
have their own distinct technical systems acquisition procedure. In the Saudi case, some 
undocumented procedures exist, and those are different from one project to another. In Saudi 
Arabia, some systems are developed by western companies. These companies develop our 
mission statements (based on discussions with customers) and functional, operational, and 
systems requirements based on their background and experience.
Our problem is not the lack o f  engineers or managers. The problem is that our 
engineers are highly specialized and bogged down with techniques in the narrow fields, and 
our managers are highly qualified at a level higher and more strategic than the techniques of 
the specific systems. Further, there is no formal or formatted procedures for coordinating and
7engineering the solutions for such high-tech needs. This concept is pictured in Figure 1. 
Unless we really know what we need and want and are able to express that, we will not be 
self sufficient or technically efficient, as directed in the fourth Five-Year Plan.
What we need is a technical systems acquisition model, based on structured systems 
engineering philosophy, to bridge the gap between top management and specialized 
engineering. The aim is to develop an acquisition model for EW systems that would structure 
systems engineering and acquisition. It must act as an interface between engineering and top 
management for Saudi Arabian government agencies.
Before any model is suggested, it is necessary to look into some system basics, see 
how other developed countries acquire and develop their technical systems, and review 
methods of requirements definition. These are explored in the next three sections as the 
collective literature review. Research methodology is shown in section five, while the model 




According to Webster’s dictionary, the word system could mean many things. One 
definition would be that a system is a group of objects or units or methods combined together 
as to form a whole and operate interdependently and in harmony.
In general system theory, the word system would be defined as a set o f interrelated, 
interacting components that function together as an entity in order to achieve some results 
(Powers, 1990). In more technical disciplines (Weinberg, 1978), the word system means 
interdependent devices, rules, and/or procedures organized to form an integral whole to 
achieve a common purpose or objective. In large technical projects, a system is an assemblage 
or combination of elements or parts forming a complex or unitary whole (Blanchard, 1981).
B. SYSTEMS ENGINEERING AND DEVELOPMENT
1. Systems Engineering: According to Blanchard and Fabrycky (1981), the term 
systems engineering is the orderly process of man-made systems. It involves the efforts to 1) 
transform operational needs into a description of system performance parameters and system 
configuration through the use of an iterative process of functional analysis, synthesis, 
optimization, definition, design, test, and evaluation; 2) integrate related technical parameters 
and assure compatibility of all physical and functional interfaces in a manner that optimizes 
the total system definition and design; and 3) integrate performance, productivity, 
producibility, reliability, maintainability, supportability, and other specialties into the total 
engineering effort.
In short, systems engineering is a process employed in the evolution o f systems from 
the point when a need is identified (by the customer) to the point of the ultimate deployment 
to the customer (Blanchard, 1981).
Chase (1974) gave a definition o f systems engineering in line with what Blanchard and 
Fabrycky (1981) explained, but he gave it in a more intangible form:
This term refers to the process of translating operational requirements into 
engineering functional requirements and subsequently expanding the functional 
requirements into detailed equipment and service end item design 
requirements. This process involves analyzing system performance 
requirements, performing system-level trade-off studies, synthesizing 
alternative system design solutions by employing various combinations o f
9equipment and service end items, and finally, selecting the preferred candidate 
configuration which best meets system performance and cost-effective criteria.
[p. 125]
In a shorter definition by Chambers (1990), "systems engineering is the bridge between 
society’s problems and technology’s solutions."
2. Systems Development: According to Powers and Cheney (1990), system 
development is a process followed to analyze the need and to design and implement a system 
to meet that need.
Boland and Hirscheim (1987) defined systems development as a change process taken 
with respect to object systems in a set o f environments by a development group to achieve or 
maintain some objectives.
Fabrycky and Blanchard (1991) said that systems engineering is design and 
development activities followed in the orderly evolution of people-made systems. In a way, 
this definition suggests that systems engineering is a subset of systems design and 
development.
3. Systems Acquisition: According to U.S. DOD Directive 5000.1, an acquisition 
program is "a directed, funded effort that is designed to provide a new or improved material 
capability in response to a valid need" (p. 2). Therefore, acquired systems are the direct 
results of such programs.
a. Acquisition and Procurement: According to Webster’s New English Dictionary: 
Acquisition, acquire, acquiring: To come into possession o f especially by one’s own efforts; 
gain.
Procurement, from  procure, procuring: To get possession of; obtain.
b. Acquisition vs. Procurement: Even though these two words have similar 
definitions, they are actually different.
Coutinho (1984) clearly marked the difference between them:
The engineering-management techniques for development, acquisition, and 
assurance (including safety) of such new systems, which will not come into 
existence until after many years of intensive development, are different from
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procedures for the procurement o f  existing commercial products, services, or 
systems. Those are offered for sale on competitive basis in the public market.
[p. 8]
4. Electronic Warfare: The basic concept of EW is to exploit hostile electromagnetic 
emissions in the entire the electromagnetic spectrum in order to provide intelligence on 
intentions and capabilities of hostility. Further, it uses countermeasures to deny effective use 
of the electromagnetic spectrum by the opposing forces while protecting one’s own effective 
use of the same electromagnetic spectrum. Basically EW has two parts, tactical and strategic. 
Tactical EW is the branch where the immediate result is apparent, such as jamming during 
battle. Strategic EW is the work done behind the scene for a period of time to gather bits and 
pieces o f data to provide useful information on hostile emissions. An example of strategic EW 
is communications intelligence. Schleher (1986) and Price (1984) give more details.
C. SYSTEM LTFE CYCLE
1. Phases: Blanchard and Fabrycky (1981) divide the system life cycle into seven 
phases, or what they call functions. The first and the last functions are in the customer’s 
hands. These functions are identification of needs (to start with) and system use and logistics 
support (ultimately deployed system). The other five functions are the contractor’s 
(producer’s) responsibility. Those are system planning, system research, system design, 
production and/or construction, and system evaluation functions. Other terms for these phases 
are conceptual design, preliminary design, detailed design, construction or implementation, 
and deployment.
Chase (1974) subdivided the system life cycle into fewer phases. In his view, the 
phases are system definition, design and development, production and integration, and, 
finally, deployment.
Eisner (1988) organized the system life cycle into 13 phases. Further, he augmented 
these phases into three main phases. The first main phase is requirements and definition of 
system. It consists of statements o f needs for a system, development of goals and objectives, 
defining system requirements, and writing system specifications. The second main phase is 
design and analysis. It consists o f synthesizing system alternatives, assessing possible 
constraints, analyzing system alternatives, and formulating evaluation criteria. The third main 
phase is construction and operation. It consists of updating specifications; building, testing,
11
and accepting the system; documenting and installing the system; operating, maintaining, and 
monitoring the system; and modifying and upgrading the system.
Nowadays almost any engineered system will encompass a great deal o f software. 
However, when we address systems development, we shall not differentiate conceptually 
whether it is software or hardware, but rather we shall think of the system approach and the 
system life cycle.
Interestingly, authors who are biased by a software background often think o f the 
system life cycle as having fewer phases (activities). For example, Weinberg (1978) specified 
three main phases plus two more. He called these phases the analysis phase, the design phase, 
and the implementation phase. The other two phases are system request or need by user (at 
the initiation of the system life cycle) and the test phase (at the trailing edge of the system life 
cycle).
DeMarco (1979) added more phases to Weinberg’s. He added a survey phase before 
the analysis phase and divided the design phase to two phases, namely, the preliminary design 
phase and the detailed design phase.
Yourdon (1988) similarly structures the system life cycle into the following phases: 
survey phase, analysis phase, hardware study, preliminary design phase, detailed design 
phase, coding, and testing phase. However, he hinted that some of the phases could be 
combined to yield the broader phases of analysis, design, implementation, and testing.
Powers and Cheney (1990), on the other hand, regrouped activities into a different 
configuration. Their phases are the investigation phase, the analysis and general design phase, 
the detailed design and implementation phase, the installation phase, and finally the review 
phase.
In Schindler’s (1990) view, the system life cycle consists o f the specification phase, 
architectural design, detailed design, coding and debugging, the testing phase (including 
integration, verification, and validation), and, finally, maintenance.
Roetzheim’s (1991) book is one o f the latest on software development, especially for 
government standards, and lists only five phases for the system life cycle: analysis, design, 
code, test, and delivery to user.
2. System Life Cycle Summary: The following summarizes what the respective 
authors have to say in regard to the system life cycle. They all agree that everything starts 
with the user needs and proceeds through the intermediate phases to the ultimate deployment
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of the system to the user. They all share the idea that there is a user who needs or requires 
some system to be implemented. Sometimes the user does not know exactly what he wants. 
After specifically knowing in detail what the user requires, we shall move on to figure out 
how  to satisfy the user needs and bring in some solution to his problem. If we are at the point 
where we know what is to be done and how to do it, then the next step would be actually 
implementing the job. Finally, after testing and checking with the user, the system is to be 
delivered and installed for the user.
Generically, we can summarize the system life cycle by the following phases: 1) 
analysis phase (what, where, environment, restrictions, etc); 2) design phase (how solution is 
to be done); 3) implementation (constructing the solution); 4) testing; and 5) installation. Of 
course each phase will encompass many activities. For example, requirements definition and 
analysis is the main activity within the analysis phase of the system life cycle. These generic 








Figure 4 Generic SLC Phases
D- REOUIRF.MENTS DEFINITION AND ANALYSIS
1. Importance of Requirements Phase: Many authors such as Blanchard and Fabrycky 
(1981) alluded to the fact that the system planning function and conceptual design consume
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the largest chunk o f the system development cost, which is approximately 60% or even more 
of the total system development cost.
Authors such as Aiken (1987), Weinshienk (1989), Bostrom (1990), and others started 
the analysis phase with the requirements definition/analysis. Further, it was agreed that 
requirements are the prime driver on the remainder of the system life cycle phases and are 
critical to the success of the system development and operational deployment.
Ruskin and colleagues (1989) at Jet Propulsion Laboratory (JPL) centered this phase 
around requirements or implicitly substituted the name "analysis phase" with "requirements 
phase" when explaining the system life cycle. Also, it was shown that in any one of the latter 
phases, one would make direct link o f refinements to the requirements document through what 
they called a system development specification (SDS). It was clear that a mistake in defining 
requirements or misunderstanding them will propagate through the subsequent phases. 
Furthermore, it will cost more in resources to correct the system.
2. Meaning Before Contract: According to Coutinho (1984), requirements definition 
and analysis is a process that originates from a customer need. This need formulation will 
result in operational requirements that, after further analysis, would be included in an RFP to 
be sent to potential contractors or systems developers. This operational requirements 
document outlines what is to be expected from the system, not how it will be implemented. 
Also, the document is to include the system performance criteria, schedule, operational 
concept, and maintenance concept. Once the customer chooses the contractor, negotiations 
start; after a successful negotiation, a contract is awarded.
3. Meaning After Contract: After the contract is awarded, the term requirements 
takes on a direct and more precise meaning from operational requirements. It becomes an 
engineering term with specific technical and contractual meaning. It becomes more 
quantitative, and it might need further explanation from analysts and the customer in order for 
designers to proceed with the design phase. In addition, requirements are to be classified 
as either hard or soft requirements (Coutinho, 1986). A hard requirement is a one that is 
technically feasible and specified in the contract documents in such terms that its compliance 
can be demonstrated before a system leaves the factory door. A soft requirement is one that 
cannot be associated with such clear accept/reject criteria (that is, nonconformance will not 
result in acceptance or rejection). For example, workmanship requirements are usually soft
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requirements. Requirements definition and analysis become a collaborative effort between user 
and system developer. The user’s job  is to specify the requirements. The developer’s job is to 
elicit and evaluate the requirements. Both sides negotiate on how the system functions after 
deployment, not how to design it. The result of the requirements phase is the input to the 
design phase.
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III. ACQUISITION MODELS REVIEW
This review presents and analyzes how developed countries generate their 
requirements; mostly we will be dealing with the procedures set by the departments o f defense 
of the respective countries. The purpose here is to find out how the problem of requirements 
definition and generation is dealt with. But it is necessary to look at the bigger picture (the 
acquisition cycle) before focusing on methods of requirements generation.
A. THE GERMAN MODEL
The German Ministry of Defense has a special general directorate at the same level as 
the chiefs of staff. This directorate is headed by the director general of armament, which, in 
turn, has two directorates, the technology directorate and the project directorate. In their 
project planning, they rely on some essential elements. These are goal setting, planning, 
translating plans into practice, and planning control and monitoring of implementation. The 
overall structure and interaction is well explained in GE-HB (1990).
1. Goals: During the goal-setting phase, the overall concept of military defense is 
developed. This concept is based on several factors. First, the Military Strategic Objectives 
specify all goals that must be achieved for the armed forces to accomplish their mission.
These objectives are established on the basis of the Defense Policy Guidelines. Second, the 
Federal Armed Forces concept specifies how the forces will have to be designed in the future 
to enable it to accomplish its mission. It lists the tasks that must be fulfilled to ensure the 
mission’s accomplishment and their significance for that purpose. Further, it determines which 
principles are to govern the use of the resources estimated to be available for performing 
those tasks. Third, there are sub-concepts for the interaction of the services. Finally, there are 
concepts for each service to translate the mission of the service concerned as stipulated in the 
overall concept.
2. Planning: The objectives of the planning phase are to determine and update 
annually, in detail, what is to be provided for the purpose with due regard to affordability. 
Three main plans are scheduled to be updated annually: Planning Guidelines, Planning 
Proposals, and Bundeswehr Plan.
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The planning is decentralized in the sense that the in-service chiefs o f staff and their 
directorates specify their plans. However, the overall planning is centralized, that is, it is 
controlled, evaluated, and then presented and justified to the minister of defense by the chief 
of staff.
The Planning Guidelines, the document effecting the transition from goal setting to 
planning, initiates a process by which the general chief of staff lays out the ground rules for 
constraints and requirements and prioritizes the tasks for which manpower and funds have to 
be allocated. This action initiates simultaneously the translation o f the threat-oriented mission- 
element need statement into the more concrete terms of calculable feasibility under the given 
conditions.
The Planning Proposals, an in-service plan, is prepared by the respective services for 
their areas of responsibility based on the constraints and requirements in the Planning 
Guidelines for a period of up to 15 years. The Planning Proposals are examined, both 
individually and collectively, for feasibility and compliance with the applicable constraints and 
requirements. Participants are user component, procurement directorates, and budgeting 
directorate.
3. Development and Procurement Cycle: Defense systems development has basically 
four succeeding phases, each concluding with a phase decision and a phase document. The 
phases are:
* Preliminary Phase, with the Tactical/Technical Requirement phase document.
* Definition Phase, with the Military-Technical-Economic Requirement document.
* Development Phase, with the Approval for Deployment phase document.
* Production Phase, with the Final Report.
Some factors within these phases need to be mentioned here:
1. Phase decision is basically a form of performance evaluation at the end o f the phase.
2. Phase decisions constitute joint and binding documents requiring close cooperation between 
all agencies involved.
3. Each phase is subdivided into steps, and steps of particular significance are concluded by 
step decisions.
4. Any activities related to the implementation of phase and step decisions fall in principle 
within the competence of the subordinate offices.
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Because our research scope is limited (from needs until the signing of the contract), it 
might only be necessary to explore the first phase (Preliminary Phase) and some early steps of 
the second phase (Definition Phase). A detailed explanation will follow.
a. The Preliminary Phase: The preliminary phase is made up of all the activities 
aimed at identifying the requirements and constraints that are relevant to technological and 
military aspects of future defense material. Work done during this phase is to specify the 
tactical and technical goals of the future project. The project is to be specified in terms of 
technology, cost, and time. Steps stemming from this phase are:
- Task analysis
- Threat analysis
- Identification and evaluation of the equipment gap
- Technological trends analysis
- Development and assessment of tactical conceptual ideas
- Definition and assessment of military requirements for the defense material.
In addition to the above analyses, two more main steps are in this phase: preparation of the 
"Tactical Concept" and preparation o f the "Tactical/Technical Requirement."
fl) Preparing the Tactical Concept: Main activities within this sub-phase are:
- Preparation of planning and control documents
- Identification of possible solutions
- Market analysis
- Parametric studies/experimental studies
- Feasibility studies
- Verification of feasibility
- Elaboration of evaluation criteria
- Selection of the solution
- Detailed formulation of military system elements
- Preparation of safety analysis
- Estimation of the life cycle cost
- Time and cost planning for definition, development, and procurement.
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(2) Breakdown of the Tactical Concept: At the core of Tactical Concept Document, in 
addition to the general, the following must be compiled:
1. Relation to the Mission as Specified in the Basic Document
2. Problem Description
- The threat at present, future and the threat evaluation
- Material in service (including possibility of enhancement) and under development
- Conceptual goals and their evaluation
- Description of the equipment gap
3. Requirements/Constraints
- Employment
. Brief description o f the required tactical capabilities 
. Tactical and technical compatibility requirements 
. Personnel, logistics support, infrastructure
- The quantitative requirements
. User services 
. Quantities needed
- Time schedule
4. Conceptual Ideas and Tactical Concept
- Description and evaluation of tactical alternatives
- Determination of the tactical concept to close the equipment gap
- Justification of the selected concept.
(3J Tactical/Technical Requirement: In addition to the general requirements, there are 
other core sections of this document, including the following:
1. Relation to the Mission as Specified in the Basic Document
2. Problem Description




- Those regarding techno-economic elements
- Those regarding personnel, military security, logistics, infrastructure, command and 
control, operations, etc.
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4. Further Handling of the Project
5. Other Collected Requirements from the Military and from the Techno-Economic Inputs.
b. Management During the Preliminary Phase: It is interesting to see that there exist 
Mixed Permanent Study groups established in the Federal Ministry of Defense. The job of 
these groups is to carry out the Preliminary Phase. Of course these groups are specialized, 
such as the Bundeswehr Communication Systems group. The study groups’ main tasks are to 
evaluate the current and future threat and compare it with existing equipment or equipment 
under development. In turn, any deficiencies will become apparent. Another task for these 
groups is to develop and evaluate conceptual approaches that lead to closing the gaps. These 
concepts will be submitted to the chief of staff of the user service and further to the Federal 
Chief of Staffs for approval.
Following the approval of the tactical concept, subgroups will be formed to carry on 
the work of formulating the Tactical/Technical Requirement. A subgroup is chaired by the 
chairman of the respective study group or his appointee. Other members are from the Defense 
Technology Directorate, a member o f the respective service, and a representative from the 
Federal Office of Defense Technology and Procurement. It is necessary that the study group 
adopt the work of the subgroup. This phase ends when the Tactical/Technical Requirement is 
signed. This signature series includes the Director of Defense Technology, the user service 
chief of staff, the Federal chief of staffs, and the Federal Minister of Defense.
c. The Definition Phase: The Tactical/Technical Requirement is further refined in this 
phase. This phase is initiated by an implementation planning process during which the time 
schedule for development, production, and delivery is fixed based on the earlier analysis. Of 
importance in this phase is the trade-off analysis. Also, special attention is given to the 
problems of integrating the system with the weapon system and the in-service requirements.
The prospective prime contractor for the development phase should participate in the 











The Definition Phase concludes upon completion of the Military-Economic Requirement 
document, which is to be approved by the Federal Minister of Defense.
Some steps in the Definition Phase are:
- Analyzing the project
- Preparing or updating planning and control documents
- Awarding study and definition contracts
- Studying critical components or military system elements
- Implementing project developments as appropriate
- Elaborating on evaluation criteria
- Selecting a solution
- Determining infrastructure requirements
- Making logistic support plans
- Elaborating on the final specification
- Selecting the prime contractor.
4. Discussion: The German procedure for systems acquisition is structured and 
complete. Such meticulous work did not surprise me at all because I have worked with them 
for some years. Concepts are drawn and assessed. Goals are set. Plans are developed and 
implemented. However, the German Model method of requirements generation failed to 
mention the issues o f requirements completeness, consistency, correctness, and traceability; I 
assume these are dealt with manually. Further, the requirements developers are not supported 
or guided on the requirements attributes o f the system or subsystem under development, i.e., 
the requirements developers are expected to know these attributes themselves. That is what we 
are attempting to do in this research: guide and support the work by giving a list of the 
relevant issues for the system and subsystems, all the way down to the equipment level. 
Therefore, the need for guidance/support to the less experienced requirements developers is 
not fulfilled by the German Acquisition Model.
Furthermore, the preliminary field survey conducted during summer 1991 in Saudi 
Arabia revealed that the Saudi technical systems are need driven, i.e., they are developed by a
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bottom-up approach. The German approach is a planning-oriented, top-down approach. 
Therefore, I conclude that the adaption of the German Model might not be appropriate for the 
Saudi environment.
B. THE BRITISH MODEL
The British Ministry of Defense (MOD) has a special general directorate for systems 
procurement. It is headed by the chief of defense for procurement, who is at the same level as 
the other chiefs o f staff. Under this general chief of defense for procurement is the 
Procurement Executive (PE) directorate. Within MOD, responsibility for defense systems 
procurement rests with MOD (PE), which appoints project managers who are responsible for 
all aspects of systems procurement, including for the acceptance o f the whole system into 
service. Some of the literature reviewed are UK-1 (1988), UK-CCTA (1991), GE-HB (1990), 
UK-BDP (1991), UK-PE (1987), Brown (1990), and Pilsworth (1989).
1. Defense Procurement Cycle: The British systems procurement and development 
cycle has been structured in five phases, not including service and disposal. Each phase ends 
with a phase document. The phases are:
1. Concept Formulation phase (ends with Staff Target Document)
2. Feasibility Study phase (ends with Staff Requirement Document)
3. Project Definition phase (ends with Project Definition Document)
4. Full Development phase (ends with Approval Document)
5. Production phase.
Because our research scope is limited (from needs until the signing of the contract), it is only 
necessary to explore the first three phases.
a. Concept Formulation: In this phase, an operational concept has to be developed. 
This concept describes the methods of achieving the aim in the defined area of operations. A 
description of forces, equipment, and interaction is to be explained. A baseline of capability, 
trends in threat, and technology will be established. The completed concepts are endorsed by 
the chiefs of staff.
Once endorsed, the operational staffs put together ideas of what is needed to provide 
the capabilities and develop them to what is called "Staff Target." This is the first formal 
demand on the PE to develop equipment.
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b. Feasibility Study: The PE responds to the Staff Target by initiating feasibility 
studies to determine whether the concept can be realized. Initial estimates are established on 
cost, duration, risk, and technology. These studies are usually carried out by industry at their 
own expense, due to competition. If the project proves feasible, the Staff Target is refined and 
expressed as the more detailed "Staff Requirement."
c. Project Definition: The aim of this phase is to take the project to the point at 
which full development can be started, that is, by verifying technical, risk, and trade-off 
approaches identified in the Feasibility Phase. Further, plans are to be drawn for development 
and production, and requirements for service and support are outlined. The aim of this phase 
will be to obtain competitive proposals for full development that contain comprehensive 
technical specifications.
2. Requirement Generation: The first step here is to assess the threat that the armed 
forces must be able to counter. This task is performed by the intelligence and planning staff 
within the MOD. The second step is performed by the Operational Requirements (OR) staff, 
who form part of the Defence Staff in MOD. They provide the principal focus for deciding 
the performance characteristics of the equipment needed to meet the threat. Such a 
requirement is stated in what is called a "Staff Target" document. This document is later, with 
more details, called a "Staff Requirement." In draft forms, Staff Targets are circulated to a 
wide range of interested parties in the central staffs and even to the soldiers who will use and 
maintain the equipment. They also go to the PE and to industry. Their contributions can lead 
to changes in the requirements.
3. Discussion: The British procedure for systems acquisition is well structured and 
documented. MOD has appointed some government scientists and engineers from MOD’S 
research establishments to advise the procurement agencies. In this way, the different services 
are able to seek help and support in their systems planning efforts. Responsibilities of 
requirements generation rest mostly with two centralized groups of MOD: 1) threat 
assessment by Intelligence and Planning group and 2) development of performance 
characteristics of the equipment needed to counter that threat by the Operational Requirements 
staff. The developed requirements document is circulated up and down the hierarchy, even 
down to the soldier level.
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A main issue of this research is to guide and support the less-experienced system 
developers in regard to requirements development (by giving possible requirements attributes 
through the system levels); in the case of the British Model, the Operational Requirements 
staff is expected to know these attributes.
The British Model might be less applicable to the Saudi environment due to the lack 
of guidance/support to the less-experienced engineers; Saudi engineers gain experience on the 
project during project implementation. A main reason for less applicability is the difference 
between the acquisition philosophies of the two nations, i.e., most Saudi systems are 
developed based on a need (Preliminary survey of Summer 1991), bottom-up approach; while 
the British philosophy uses a top-down approach.
Further, the British Model did not show how the issues of requirements completeness, 
correctness, consistency, and traceability are dealt with (other than requirements circulation); I 
assume that these are dealt with manually. In fact, Brown (1990), a procurement executive, 
stated that the requirements capture process is a major source of weakness that must be 
improved.
C. THE FRENCH MODEL
The French Ministry of Defense Acquisition procedure is known to be the best among 
those of the industrialized nations (Kolodziej, 1987; Guterl, 1988). In a discussion with M. 
Dugan (a retired general from the USAF) during the 27th annual symposium of the 
Association of Old Crows, Mr. Dugan asserted the efficiency of the French acquisition 
process.
However, both Kolodziej and Guterl alluded that the main factor contributing to the 
excellence of the French procedures is its centralization. This centralization is invested in the 
General Delegation for Armament (DGA). The DGA has the authority to control, guide, and 
oversee all phases of arms research, development, production, and sales. The director of 
DGA (usually an engineer) reports directly to the Minister of Defense, who is at the same 
level as the chiefs of staff. Further, the DGA coordinates with the arms industry (both private 
and nationalized).
There is a full slate of documentation; unfortunately, only one document (FR-RG 40) 
is translated into English. The other documents are referenced in RG 40. RG 40 is only a 
general recommendation for the program management specification. It does not explain how
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the technical requirements are developed. Nor does it explain how needs are formally 
developed. However, the general phases of the procedure are summarized in the next section.
1. Procedure Phases: There are six phases in the procedure. The start of a phase is 
subject to reaching a milestone decision after a specific review. These phases are:
- Feasibility Phase (Phase A)
- Definition Phase (Phase B)
- Development Phase (Phase C)
- Production Phase (Phase D)
- Utilization Phase (Phase E)
- Phase of Withdrawal from Service (Phase F).
For the scope of our research, only the first two phases need to be summarized.
a. Feasibility Phase: This is the first phase of the program. It is concerned with the 
exploration of the different possible concepts to satisfy some needs expressed in terms of 
objectives (performance, cost, schedule).
During this phase, some activities are performed and documented, such as:
- Define needs in terms of:
. Functional Specifications
. Preliminary Technical Specifications (System and Support)
- Present each concept examined in a pre-draft for the Definition phase.
- Estimate technical and industrial feasibility and emphasize critical elements o f each 
concept.
This phase ends with a document called an Orientation File, which is the responsibility of the 
procuring agency. This document highlights:
- The feasible solutions for meeting the perceived needs
- Main elements of each solution (performance, cost, schedule, risk) and the selection 
of a proposed solution.
- Organization of the subsequent phases (structure, resources, etc.).
The responsible authority decides whether or not the milestone is achieved, which may 
require that this Orientation File be examined partially or fully. This is called System 
Definition Review or Feasibility Review.
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b. Definition Phase: The acceptance of the Orientation File, i.e., Milestone Number 
1, marks the beginning of the Definition Phase.
The main activities in this phase are:
- Study the proposed technical solutions.
- Freeze the Technical Specification at system level.
- Establish the Technical Specification at the first level (sub-system).
- Select the solution to be developed.
- Consolidate the "Development Launching File."
This file, the Development Launching File, (developed by the procuring agency) 
consists o f the Technical Specification and the documents drafted by the specific supplier. 
This supplier documentation is to include:
- The Management Plan, including the Development Plan
- The Work Breakdown Structure
- The first-level Technical Specification, and clauses
- The preliminary Definition File and its associated justifications.
This phase ends with the acceptance of the Development Launching File. This file is to 
include:
- The correct, complete, and exhaustive expression of the needs by means of 
Technical Specification. This specification will be compared to the perceived needs, 
which are in the reference Functional Specification, to make sure that there are no 
misunderstandings.
- The definition of the solution that has been sufficiently examined and complies with 
the needs.
- The organization of the subsequent production and utilization phases.
- The organization of the Development Phase with:
. Tasks to be performed 
. Schedule of events
. Methods for identifying and avoiding the various risks 
. Justification of the estimated cost of the development phase.
The responsible authority may request this file to be reviewed upon reaching Milestone 
Number 2. This review is called Preliminary Definition Review or System Interface Review.
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2. Discussion: This acquisition guide is well structured, especially in defining the 
phases and their boundaries from one phase to the other. Clearly the centralization (at DGA) 
of the French systems acquisition procedures made a difference. Another factor that might 
have some impact is that the director o f DGA (usually an engineer) reports directly to the 
Minister of Defense. Unfortunately, the French Model did not show the process of 
requirements generation. Nor did it show the issues of requirements completeness, 
correctness, consistency, and traceability.
Even though the French Model is believed to be one of the best acquisition models, it 
might be less applicable to the Saudi environment particularly because the process of 
requirements generation is not shown; issues of requirements completeness, correctness, 
consistency, traceability are not explained; and support/guidance for less-experienced 
engineers is not included.
D. THE AMERICAN MODEL
At the top o f the organization for the American systems acquisition life cycle is the 
Secretary of Defense. Policies, directives, and procedures governing defense acquisition are 
the direct responsibility of the Under Secretary o f Defense Acquisition, USD(A) and 
subordinate directorates. At the core of such directives is the DOD 5000.1, which establishes 
a disciplined management approach for acquiring systems and materials that satisfy the 
operational user’s needs. Such policies also integrate the efforts of requirements generation 
(from different departments), acquisition management, and planning and programming 
budgeting systems. Such integration is better depicted in Figure 5.
Other policies and guidelines are found in DOD 5000.2 and DOD 5000.2M. A 
complete list of government documents studied for this purpose are in the bibliography 
section. An abstract of the procedure is explained by Lesser (1992).
1. Departmental Acquisition Organization: Each military department and other DOD 
agencies will have their own acquisition group. This group will carry on all the inner 
acquisition activities within their department and link up to the acquisition management of 
USD(A). For example, the Assistant Secretary of the Army for Research Development and 
Acquisition is in charge of the Army’s activities and links to USD(A)’s acquisition 
management group. Similarly, the Under Secretary of the Marines Corps (USMC) for 
Research Development and Acquisition Command (MCRDAC) is in charge of the Marine
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Figure 5 The Three Systems Interaction
Corps activities and links to USD(A), and so forth for the other departments. This kind of 
link is better demonstrated in Figure 6.
2. Solicitation Process: There are basically two parts to solicitation. The first part is 
planning and preparing for many activities, including source sought synopsis, acquisition 
strategy setting, acquisition planning, source selection plan, release o f a draft RFP in the 
Commerce Business Daily (CBD), finalizing the RFP, briefing the source selection authority 
council (SSAC), and finally releasing the RFP to industry and CBD. These activities are 
depicted in Figure 7.
The second set of activities is those activities commencing with receipt of proposals. 
These are performing initial evaluations, determining the competitive range and other 
activities, conducting discussions with potential contractors, requesting best-and-final offers 
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Figure 6 Acquisition Authority Chain
source selection authority (SSA), and finally deciding and awarding the contract. Figure 8 
shows these steps.
3. Acquisition Process: There are five phases in this process in addition to the initial 
Mission Need Statement (MNS), and each phase ends with a milestone document. The 
approval of each milestone document will trigger the action on the following phase. The first 
phase is the Concept Exploration and Definition phase, which starts after the approval of the 
Concept Studies milestone, Milestone 0. This phase ends with the necessary documents for 
Milestone I, Concept Demonstration Approval.
The phases of the acquisition process are:




Figure 7 Pre-solicitation Process
Engineering and Manufacturing Development 
Production and Deployment 
Operation and Support.
The triggering milestones are Milestones I, II, III, and IV, respectively. This process is 
shown graphically in Figure 9. Before beginning each of these phases and milestones, DOD 
supposedly will have done a great deal o f internal work and have consolidated it into the 
MNS. This pre-phase is not considered a part of the acquisition cycle but a determination tool 
prepared before embarking on an acquisition. The MNS is actually at the heart of 
requirements generation system. The thrust of our research, as outlined earlier, is on 
requirements generation; therefore, a separate dedicated section will follow. However, it 
might be necessary to show the whole picture by explaining the first two phases of the 
acquisition procedure and their milestones.
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POST SOLICITATION PROCESS
Figure 8 Post Solicitation Process
a. Milestone 0: This milestone is called Concept Studies Approval. The program 
documentation at this stage is the MNS. This milestone marks the initial formal interface 
between the requirement generation and the acquisition management systems, which is shown 
in Figure 5. The milestone decision authority decides what action to take on the MNS at this 
point. For a favorable MNS, the authority authorizes the studies of alternative concepts that 
could satisfy that mission. Approval of this milestone is the go-ahead for phase 0 of the 
program acquisition cycle.
b. Phase 0 : This is the Concept Exploration and Definition phase. This phase begins 
after the Joint Requirements Oversight Council (JROC) approves the MNS, provided that the 
Defense Acquisition Board (DAB) had issued the go-ahead decision on Milestone 0 (the 
Acquisition Decision-Memorandum [ADM]). Objectives and activities will be explained.
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Figure 9 Acquisition Cycle
(11 Objectives: The program task force, working through private industry, must 
identify system alternative concepts that will satisfy the mission need. The focus should be on 
competitive exploration of potential ideas, concepts, and solutions. The mission need and 
objectives should not be oriented to known systems or products. Mission need solutions are 
solicited primarily from private industry. Other key objectives are as follows:
- To explore material alternatives to satisfy mission need
- To define the most promising system concepts
- To identify high-risk areas and risk management approaches
- To develop the proposed acquisition strategy.
(21 Kev Activities: A program office will initially be staffed. The program office 
activities will include reviewing previous experiences with similar systems, identifying 
proposed alternatives and validating the threat to be countered, and working with die user to
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refine the initial operational requirements and objectives. Alternative system design concepts 
will be explored through competitive short-term contracts with industry. Contractors will be 
given the same operational test conditions, mission performance criteria, and constraints on 
system life cycle cost. Systems engineering plans and other functional plans, for example, the 
integrated logistics support plan, may be initiated during this phase. A System Requirements 
Review (SRR) will be conducted to determine to what extent the contractor’s design concept 
satisfies the mission need. Other activities are:
- Develop the system specification
- Assess the pros and cons of each alternative
- Evaluate production feasibility
- Develop an acquisition strategy for the most promising alternatives
- Propose exit criteria for the Demonstration and Validation Phase
- Conduct a System Requirements Review
- Prepare the Test and Evaluation Master Plan
- Draft the Logistics Support Plan
- Assess technological opportunities
- Evaluate producibility
- Identify manufacturing technology.
c. Milestone I: This milestone is called the Concept Demonstration Approval. A se t 
of Documentation and Analysis reports should be made available to the decision authority.
The main objective of this milestone is to show that both the results of the previous phase are 
justified and a decision to continue to the next phase is worthy. Another objective is to 
establish a concept baseline for the program. Some important documents are:
- Operational Requirement Document (ORD)
- System Threat Assessment Report (STAR)
- Integrated Program Summary Plans
- Estimate of Program Life Cycle
- Test and Evaluation Master Plan (TEMP)
- Cost and Operational Effectiveness Analysis.
The bottom line is to determine if the new development program is justified. Once approval is 
passed by the memorandum, then phase two is to start.
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d. Phase I: This is the Demonstration and Validation Phase. This phase is granted by 
the Defense Acquisition Executive (DAE) based on Milestone I review by the DAB. The 
technical feasibility of the selected alternatives will be demonstrated. During this phase, the 
system best capable of fulfilling the mission need is selected.
(D Objectives: The main objective here is to select the system best able to satisfy the 
mission need. Other objectives are:
- Define critical design characteristics and expected capabilities of the system concepts
- Demonstrate that technological capabilities can be integrated into system designs 
with confidence
- Develop analyses to support Milestone II
- Establish a development baseline (cost, schedule, and performance objectives).
(2) Key Activities: In this phase, many activities take place in all aspects of the 
systems development areas including the areas of business, technical management, and risk 
assessment. The follow are some o f the technical management aspects:
- Begin design engineering
- Prepare system and development specification
- Establish logistics support planning
- Establish developmental test and evaluation
- Establish operational test and evaluation.
e. Milestone II: This is called the Development Approval. A set of Documentation 
and Analysis reports should be made available to the decision authority. The main objective is 
to show that the results of the previous phase are justified and a decision to continue to the 
next phase is justified. Also, another objective is to establish a concept baseline for the 
program. Some of the main documents produced or affected are:
- Early Operational Assessment
- Development Test and Evaluation Report
- Manpower Estimate Report (MER)
- Update Operational Requirement Document (ORD)
- Update System Threat Assessment Report (STAR)
- Update Integrated Program Summary Plans
- Update Estimate of Program Life Cycle
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- Update Test and Evaluation Master Plan (TEMP)
- Update Cost and Operational Effectiveness Analysis.
The decision authority’s main determination is: Is this how we really want to do the job? 
Once approval is granted by issuing the memorandum, phase three may start.
4. Requirements Generation System: The bigger picture of the requirements 
generation system is better shown in Figures 5, 6, 7, 8, 9, 10, and 11. It is a continuous 
process. Briefly, the mission area is assessed, needs are determined, and a requirements 
definition evolves. In other words, a set of analyses continuously assess the threat, current 
capabilities, technological advancement, changes in policy or doctrine, and cost reduction 
possibilities. Most importantly, deficiencies and opportunities are identified, and material and 
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Figure 11 Requirements Definition Process
a. Steps in the Process: In this section, a summary of the flow of steps followed will 
be sketched. These steps are:
1. The DOD component’s requirements generation systems will focus on identifying 
deficiencies in current capabilities and opportunities to provide new capabilities.
2. Deficiencies or capabilities will be described in terms o f broad operational 
capabilities.
3. Deficiencies or capabilities will be evaluated to determine if they can be satisfied 
by nonmaterial solutions (such as changes in operational doctrine, concepts, tactics, training, 
or organization).
4. If a need cannot be satisfied, then a Mission Need Statement (MNS) will be 
prepared.
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Mission Need Statement (MNS) Flow
(Major D efense A cquisition Programs)
Figure 12 Mission Need Statement
5. The MNS is submitted to the appropriate authority for review and validation.
6. Upon approval, that authority will forward the MNS to the appropriate acquisition 
milestone decision authority.
7. Upon Milestone 0 approval, the user or its representative will participate in Phase 0 
(Concept Exploration and Definition) to assist in evaluating potential material alternatives and 
identifying opportunities for cost/schedule/performance trade-offs.
8. The user/representative develops the Operational Requirements Document (ORD) 
for the most promising system concepts.
9. The DOD component updates and validates the System Threat Assessment Report 
(STAR).
10. At Milestone I, Concept Demonstration Approval, the ORD will establish the 
objectives and the minimum acceptable requirements.
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MILESTONE DECISION REVIEW PROCESS





Figure 13 Organizations involved in Reviews
11. The minimum acceptable requirements will be incorporated into the concept 
baseline and the Test and Evaluation Master Plan (TEMP).
12. The ORD will be used to develop the requirements for the draft system 
specification and for the requirements for development specification.
b. Mission Need Statement: The MNS is a stand-alone document and is a part of the 
requirements documents. The MNS is a non-system-specific statement of operational 
capability need. It does not usually exceed five pages in length, but it should identify any 
supporting documentation. It is prepared by the user group who identifies the need and must 
be submitted to the operational validation authority (JROC). This authority reviews the 
identified need, confirms that the nonmaterial solution is not feasible, assesses the joint
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DOD ORGANIZATIONS
Figure 14 Model Decision Process
service potential, and forwards its recommendations to the Milestone 0 decision authority. The 
MNS shall be the primary document for initiating Milestone 0 review. The MNS consists of 
the following parts: Defense Planning Guidance Element, Mission and Threat Analyses, 
Nonmaterial Alternatives, Potential Material Alternatives, and Constraints.
c. Operational Requirements Document: The ORD is a formatted statement 
containing performance (operational effectiveness and suitability) and related operational 
parameters for the proposed concept or system. This document is prepared (by the user) 
during phase 0 (Concept Exploration and Definition) for Milestone I and updated further for 
the other phases and milestones. The format of the ORD is as follows:
- General Description of Operational Capability
- The Validated Threat (reference: Defense Intelligence Agency)
- Shortcomings of Existing Systems
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Figure 15 Office of USD(A)
. System Performance 
. Logistics and Readiness 
. Critical System Characteristics
- Integrated Logistics Support
. Support Equipment 
. Human Systems Integration 
. Computer Resources 
. Other Logistics Considerations
- Infrastructure Support and Interoperability
. Command, Control, Communications, and Intelligence 
. Transportation and Basing 
. Standardization, Interoperability, and Commonality
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c. System Threat Analysis Report: The STAR is the primary threat document used to 
support milestone decision review and acquisition management. It is prepared by the service 
intelligence command or agency, prior to Milestone I, and is subsequently updated. This 
report must be validated by the Defense Intelligence Agency (DIA). The STAR includes the 
following: System Description and Threat, Operational Threat Environment, Targets, Follow- 
on System-Specific Threat, and Reactive Threat.
5. Discussion: The early phases in the American acquisition system focus mainly on 
the exploration of new concepts and perhaps non-existent systems (considering security 
systems). Heavy intelligence activities and analysis reports of contemplated future threats play 
major roles in the mission need statement, which might lead to exploring different concepts.
Of course such activities are costly in time and resources for developing countries such as 
Saudi Arabia. Further, the American acquisition procedure does not incorporate an automated 
system that could support requirements generation except for a Computer-Aided Logistics 
Support (CALS) system, which is mostly for organizing and exchanging documents between 
DOD and the related industry.
For Saudi Arabia, most of the needed systems already exist in the world markets as a 
collection of equipment (no mentioning of critical application characteristics). What the Saudis 
need is a way of specifying exactly what is needed and what the critical characteristics are that 
should be found in the assembled system (equipment assembled into system and sub-system). 
This need might be fulfilled by an automated support and guide for planning the early phases 
of systems development and especially for technical requirements generation.
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IV. REQUIREMENTS DEFINITION REVIEW
In this section, the concept and practice of requirements definition and analysis are 
examined. In regard to this phase, requirements engineering, the aim would be not to limit the 
study but to look at what scholars have done on both sides of a contract. Further, systems 
would be looked at as integral systems instead of software or hardware.
The literature search was mainly for papers in requirements engineering in general. 
Other headings were searched, such as systems engineering, systems planning, systems 
management, systems development, and system specification. The publication dates were 
limited to from 1977 to present, because requirements engineering emerged as an independent 
topic then. During the review, we focused on the practical side of requirements generation 
methodology. Approximately 31 articles were cited. However, many interesting articles were 
read but not cited due to their generality. Other articles were not cited because of their 
theoretical focus instead of apparent applicability. Such articles are grouped in a special 
section of the bibliography.
The studies were organized in three sections:
1. Studies focusing on requirements definition and analysis from the contractor’s point of 
view
2. Studies that tried to link contractor and customer together
3. Articles focusing on the customer side.
A. CONTRACTOR-ORIENTED STUDIES
This section will focus on the scholarly work cited from all technical-related literature. 
These types of studies are the ones that mostly seek or target the improvement of contractor 
performance. Each study is summarized and presented not only to support this research but 
also to make this dissertation a documentary work for future researchers.
Heitmeyer (1985) described the naval research laboratory method of specifying 
requirements in Military Message System (MMS) projects. One of the lessons learned is that 
data types and user commands in similar future projects are likely to differ. However, 
security rules enforced by such systems are reasonably stable. They found a method of 
dealing with those factors by separating the task of producing requirements. They called it 
partitioning functional requirements. For example, they had an MMS security model that 
treats data as objects (such as a data item) or containers (such as messages).
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The second lesson was that prototyping has led to some changes in the model and the 
specifications. Further, it increases the developer confidence in these specifications and 
models, i.e., they are good for validation.
Other important lessons were learned. Specifications should be short, simple, non- 
redundant, and precise. User commands should be abstract. Informal specifications were 
useful for human communications.
Ruskin and colleagues (1989) at JPL are developing a systematic methodology for 
systems development. They cover all phases. For our purposes, I will examine only the 
requirements phase. In their method for this phase, they develop the system requirements and 
the system certification requirements to some extent; they call it phase 2 baseline. This 
baseline is based on the risk o f proceeding to the design phase. However, their method of 
requirements definition/analysis is based on consulting with the system’s testers, operators, 
users, and sponsors and reconciling their various needs and wants. Basically, there is the need 
to look forward and backward. Looking backward involves consulting with the above- 
mentioned organizations and modifying the management plan. Looking forward would require 
consulting with designers, manufacturers, sub-contractors, if any, scheduling, and 
super-systems, if any. After the long consultations, the requirements phase comes to its 
baseline (phase 2 baseline) and will be kept in the system development specification (SDS).
Coutinho (1986) thought of the whole system life cycle as a dynamic one, with 
feedback from all phases. The feedback will ultimately cause changes in the requirements if 
they are proved to be unrealistic. However, he divided the requirements into hard, soft, and 
semi-hard requirements. In any case, requirements should be as hard as possible, but in 
questionable cases, the customer and contractor should work as team members and not as 
adversaries. Otherwise, the project will come to a halt.
Furthermore, the customer must be technically competent because quantitative 
requirements for complex systems have a number of dimensions, depending on the 
environment. In addition, it might be necessary to balance many conflicting requirements. For 
requirements to be balanced, they must be quantitative so that one requirement could be 
traded off against another to achieve the optimum mix for the intended use.
Mckay (1986) explained the method of requirements formulation for multimedia 
military communication systems. This method was used by a TRW defense system group. 
Basically, requirements were grouped into four categories. These categories were performance
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requirements, needline availability, maintainability, special requirements, and other design 
factors.
Performance requirements must be formulated so that the satisfaction of each 
requirement can be verified prior to buyer acceptance of the system prototype. Such 
verification can be accomplished by inspection, testing, and analysis. Also, performance 
requirements are to include a needline diagram for the communication network, interface 
specification, and platform characteristic o f each node. Further, these performance 
requirements have to be parameterized by attribute and quantity. For example, physical 
environment parameters include temperature, humidity, shock, vibration, and local physical 
medium.
Needline availability requirements include the availability of the transmitting and 
receiving equipment and the intervening propagation medium. The object of maintainability is 
to design the system in such a way as to require the least time, cost, tools, manpower, 
support, and support facilities to maintain it. Special requirements include such attributes as 
survivability, jamming resistance, low probability of intercept, cryptographic security, and 
graceful degradation. Other design factors for requirements are state-of-the-art technology 
availability, life cycle cost, and schedule.
In his study, Aiken (1987) claimed that the strawman approach to requirements 
analysis planning is a procedure for obtaining the most effective requirements specification 
from that phase of the system life cycle. The task is to allow the developer to match the 
appropriate tools for requirements analysis with the problem at hand. He sees requirements 
analysis from a three-dimensional matrix: Task, User, and Organization. A description of the 
system task will help the developer to select solution procedures to incorporate into the 
system. A description of users will give information such as user expectations, interface, and 
the type of interactions users will have with the system. An organizational-doctrinal profile is 
used to determine the operating environment in which the system is expected to perform. The 
complete matrix represents knowledge o f the system requirements integrated from these 
perspectives.
In the strawman approach, Aiken (1987) says the goal of requirements analysis 
planning is to identify procedures that most effectively and efficiently collect information 
required to complete the Task-User-Organizational Doctrine (TUODR) matrix. He specified 
that taxonomies and data collection techniques are the requirements analysis tools that play an 
important role in this phase. He claims that generic taxonomies are starting points for
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collecting requirements analysis data. Specific taxonomies are selected to give the initial basis 
for classifying the user, the task, and the organization-doctrinal environment for the proposed 
system. The combination of generic taxonomies and requirements analysis techniques define 
the dimensions of the TUODR matrix and help focus on the collection process of important 
data items.
This method of taxonomies and data collection techniques is done in these steps:
1. List known taxonomies applicable to one of the three dimensions.
2. Brainstorm and list the situational factors and variables that may make some taxonomies 
less applicable than others. The developer should be looking for reasons that taxonomies will 
produce results. Individual listings should explicitly pair reasons with taxonomies.
3. Examine the pairs, sort them by taxonomy, and eliminate duplicates. A similar process of 
elimination should be followed for known requirements analysis techniques.
At the end of the procedure, the developer will have identified specific taxonomies 
that will guide the application of specific collection techniques during requirements analysis. 
By using this process of elimination, any inappropriate taxonomies and techniques will have 
been avoided.
Andriole (1986) presented a matrix similar to what was explained by Aiken (1987).
He used the matrix through knowledge engineering to aid in tactical planning. He calls for 
rapid prototyping and structured requirements analysis before alternative analytical methods 
are even considered. He used task taxonomy and methods inventory in conjunction with 
interviewing expert planners. In addition, he analyzed the codified planning doctrine to 
determine the tasks that would need to be performed via the planning aid and the methods 
classes likely to help perform those tasks. Their inner research was concentrated on 
object-attribute-value (O-A-V) template. They recommended knowledge acquisition and 
representation and claim that it has a general-purpose potential.
Sondgrass (1988) looked at requirements specification from a cognitive psychology 
perspective. In his study, he observed the behavior of engineers creating the requirements 
specification. He observed that engineers attempt to solve the problem before completely 
understanding it. Requirements specification is written as a description of the system being 
developed and not as a description of the properties to be satisfied by a system. The reason 
given was that engineers are used to describing systems instead of problems. He also observed 
that the process of using a standard design, expanding a design in progress, and creating an 
operating scenario of the design in progress are used by engineers to understand the problem
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situation. In other words, he said a problem is understood during the design process, and this 
understanding is closely related to the understanding of designs known by individual 
engineers.
He also said that all attempts to help in requirements definition techniques were 
focused on what should be in a requirements document and not how the requirements should 
be represented. Yet these techniques ignore how the requirements are to be generated by an 
engineer.
Rzepka (1985) explained the requirements engineering methodology used at the Rome 
Air Development Center (RADC). RADC is trying to make a development environment that 
is applicable to a wide range of problems in regard to requirements engineering methodology. 
Currently RADC is using, for the short term, the concept o f a prototype to improve the 
understanding and refinement of the specification of software requirements, and for 
requirements validation, especially for user interface. For the longer term, RADC will define 
a very-high-level language for use in modeling system processes and information flow.
Ross (1977) pictured the human social environment in two ways. First, in an ideal 
systems development environment, the human needs will be fully satisfied. He pictured the 
ideal system as a reflective apparatus (mirror). Requirements will be the incident rays on the 
mirror (the ideal system), assuming perfect transmission media. The solution would be the 
reflected rays. In this idealist environment, he assumed that an ideal man is in control. 
Technology (ideal) is between requirements and solution.
Second, reality in systems development is far from idealism, i.e., requirements will be 
projected in many ways. Some will be implemented; others will be lost. Further, the system is 
an imperfect one, so the surface may no longer be fully reflective or it may reflect in many 
different directions. The result is an imperfect solution. Ideal system technology does not 
exist, but real system technology does.
Ross confirmed that so far efforts in requirements engineering have been toward the 
system end. However, the real solution lies toward the human end. Researchers mainly 
focused their attention on high-technology treatment of requirements, contending that they are 
mainly technical and economical, not social. Further he asserted that all our systems are social 
systems and that the imperfections of our technology prevent the resulting system from 
effortlessly expanding our social environment.
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The methods, themselves may have only technical and economic justification 
now, and in public. But the effect will be broader, including human aspects of 
greater importance, [p. 5]
McChesney and Hughes (1990) discussed methods of requirements capture and 
analysis. The discussion was based mainly on Computer-Aided Systems/Software Engineering 
(CASE) and its support functions. A spectrum of CASE tools and its method of supportability 
was surveyed. Categories were documentation support, requirements capture and analysis 
(RCA) techniques support, use of repository, consistency/completeness analysis, and 
computable requirements specification. Future CASE features were lightly touched on. It was 
mentioned that the major weakness in RCA is the communication gap between the end user 
and the requirements analyst. His proposed solution was to use the object-oriented paradigm 
in developing the user interface and to allow users to define their requirements and cross- 
reference with the analyst.
Ross and Schoman (1977) noted that in the search for requirements definition, three 
subjects must be addressed. The first is context analysis, or the reason why a system is to be 
created and why technical, operational, and economic feasibility are the criteria that form 
boundary conditions for the system; how the system will solve the problem; what the system 
is to be part of; and why a system should be created. Second, a functional specification must 
be developed. This is a description o f what the system functions are to accomplish; how the 
system will fulfill its role; what the system is to be; and why certain design components 
should be considered. Third, design constraints must be identified. These constraints are 
boundary conditions by which those things may be selected or created; how the system is to 
be constructed; what the system is to be composed of; and why particular designs are feasible.
Finally, application o f manual structured analysis and design techniques (SADTs), a 
methodology introduced by Ross at SoftTech, was discussed. They emphasized that a 
successful requirements definition process should result in a clear, complete, concise, 
consistent, and convincing document. Most importantly, they think requirements definition is 
a task for human beings.
Two impediments immediately become evident. The first is that requirements 
stated in prose texts cannot be translated in a straightforward manner to 
interface with an automated problem language. The second is that no 
computer tool will ever perform the process of requirements definition.
Defining and verifying requirements is a task done by users and analysts, [p.
12]
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They confirm that given the right information, computer tools, however, can provide the 
capability to ensure traceability, consistency, and requirements allocation.
Goodrich and Oilman (1990) conducted an experimental study to evaluate task and 
methodology in requirements elicitation. They examined the methods of prototyping and 
CASE tools. Their model consisted o f Task (structured/unstructured), Methods 
(prototype/CASE tools), and Individual (user/analyst) for the independent variables. The 
dependent variable was the outcome (commitment, understanding, and requirements). Their 
result showed that task implies higher understanding, with no effect on commitment. It was 
expected for the requirements outcome for structured tasks and that DFDs (Data Flow 
Diagrams) would be better than prototyping. The result showed no significant difference.
Loucopoulos and Champion (1989) discussed the model for the requirements 
elicitation subsystem in their project (Analyst Assist System). Their system captures the model 
of the requirements and analyzes it. The final requirements are to be transferred into a 
functional specification represented in the Jackson System Development (JSD) method. The 
requirements elicitation and specification subsystem consists of a domain knowledge base, a 
user fact base, and an analyst knowledge base. In addition, there were some modules to assist 
with and resolve manipulation of the inserted fact. The session would start with the analyst 
working with a fact input tool. There is also the elicitation dialogue formulator that interacts 
with an interface of the domain knowledge base (domain knowledge exploiter) and submits 
knowledge to the fact input tool. The result of the fact input tool is stored in the user fact 
base. The resulting knowledge would be presented in a semantic network or what are called 
the conceptual figures. In final format, these figures would be represented in a hierarchical 
network.
Carver and Cordes (1990) introduced a methodology based on the object-oriented 
paradigm. The methodology uses as input a pre-processed requirements document in a natural 
language format. This document is submitted to a series of tools that parse the sentences and 
convert the information to facts to be stored in a knowledge base, and a regenerated document 
is produced. This document is organized by objects. These objects are identified from a 
domain-linked knowledge base. User verification follows for better communication. After the 
verification, the system processes the information in the knowledge base in order to derive the 
object-oriented specification. Further, an architectural design is drawn based on the objects 
and their relation in the model.
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Delozer (1984) stipulated the activities and the kind of measures needed for initial 
systems engineering. The steps start with the perception of needs, requirements and 
constraints, functional analysis, target allocation, decision integration, and finally the resulting 
system requirements and definition. The above line of steps is subjected to some effect of 
measures and risk analysis. Some of these parameters are performance, reliability, 
availability, maintainability, and cost (PRAM$). A broader term that could include PRAMS is 
failure modes and effects analysis (FMEA), which could help in developing the system 
requirements and definition phase.
Further, Delozier showed a generic system requirements document format made up of 
the following:
1. Statement of Mission
2. System Definition and Baseline Requirements
3. Functional Requirements
a. Block Diagrams Depicting Process Flow
b. Process Constraints










b. Critical Interface Identification
7. Constraints
8. Integrated Test Plans
a. System or Item Identification and Test Priorities
b. Test Requirements and Verification Procedures.
Alford (1977) explained the concepts behind Software Requirements Engineering 
Methodology (SREM), initiated at TRW. The first key concept is based on the observation 
that real-time software is tested by inputing an interface message and extracting the results of
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its processing (output message). Therefore, testable requirements must be specified in terms of 
input/output data. The second concept addresses the definition of data processing.
The third concept addresses the performance requirements. Thus, a test is defined in 
terms of measured variables and at some predefined point on the processing path. These 
places are called validation points. The fourth key concept is that the paths involved in 
processing a given type of stimulus should be integrated into a network called a requirements 
network. If a path execution is conditioned upon the content of a message or the data base, 
this condition is summarized as a value o f a selector variable; the path of processing is 
selected based on the value o f this variable.
The fifth concept is the use of a formal language, RSL, for the statement of 
requirements based on the above concepts. The sixth concept is the use of automated tools to 
speed up and validate the requirements. These tools check the requirements for completeness, 
consistency, maintainability, and traceability to originating requirements and simulation, and 
generate simulations to validate the correctness of the requirements. The seventh concept is 
that the methodology steps produce intermediate products that are evaluated for completeness. 
Management decisions could be based on these intermediate products for planning, 
scheduling, and control.
Further, Alford mentioned that SREM assumes that the system functions and 
performance have been allocated to the data processor and have been collected into a data 
processing subsystem performance requirements (which then could be the input to SREM).
Bell and co-authors (1977) discussed the structure of SREM. To simplify, there are 
basically four parts to SREM system. The engineering of the requirements starts with writing 
requirements in an artificial language, Requirement Statement Language (RSL). The resulting 
requirements are the input to a Requirements Engineering and Validation System (REVS). 
REVS has three parts: a translator, a data base, and a set of tools. The requirements coming 
from RSL are to be input to the translator, which translates them into a special format. This 
translation is to be stored in a data base called the Abstract System Semantic Model (ASSM).
A set of tools including a consistency checker, an inquiry capability, a simulator builder, and 
a graphics package are to retrieve the information from ASSM and conduct the required 
activities. Finally, a listing of the requirements is generated.
Ross (1985) elaborated on Structured Analysis and Design Techniques (SADT), a 
methodology started in the 1970s at SoftTech Corporation. He gave examples of how SADT 
could be a general-purpose problem-solving methodology. The concept o f SADT is based on
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the idea that the human mind can accommodate any amount of complexity as long as it is 
presented in small chunks that together make up the whole.
In addition, a graphical representation of anything is a better form of communication. 
Therefore, SADT consists of a box and arrows. The four sides of the SA box are input (from 
left), output (from right), control (from top), and mechanism (from bottom). The four arrows 
or sides are known as ICOM (input, control, output, mechanism). A network of these boxes 
will make up the project model. The network always proceeds from level zero (at the top, 
more general) to the bottom (more detailed). In principle, SADT can be used for any purpose 
and can provide a framework for a problem-solving methodology for any kind of problem. In 
practice, it is thought of primarily as a requirements definition methodology. Ross stressed the 
need for supporting SADT in coupling to standard data bases for automating retrieval and 
checking and analyzing systems.
Roman (1985) presented a well organized taxonomy for requirements engineering. 
Basically, the three parts are:
I- Requirements Specification Contents
A. Functional Requirements: The construction of the functional requirements involves 





* Life cycle constraints
* Economic constraints
* Political constraints
II- Requirements Specification Concerns.














* Tolerance o f temporary incompleteness
III- Classification Criteria
* Formal foundation (e.g., DFD)
* Scope
* Degree of specialization
* Specialization area
* Development method.
The prevailing approach to requirements engineering is to state requirements 
completely before proceeding with the design. The second approach is prototyping, which is 
becoming more common in practice. However, Roman mentioned two other new methods. 
The first is the introduction o f expert knowledge-based systems into the process of 
requirements development. Second, in situations where the problem is extremely ill specified, 
functionality is not specified but an evaluation procedure and a set of related acceptance 
criteria are specified. For example, a percentage of agreement among some group of experts 
on a predefined set of cases may be the determining factor.
Booch (1986) pointed out that the functional development methods suffer from 
fundamental limitations. One of these is the inadequacy for problem domain with natural 
concurrence. Another limitation is that they are often not responsive to changes in the 
problem space. However, an object-oriented approach mitigates those limitations. He noted 
that object-oriented systems could be structured around the objects that exist in the model of 
reality, i.e., the model of the problem space. Another advantage of using object-oriented 
development is the locality and ease of change in some parts of the system. An important 
advantage is that as the system evolves, the developer may defer the object implementation to 
some later time. Based on object specification, a rapid prototype could be implemented. 
Therefore, object-oriented development could be thought of as a partial life cycle method. In 
addition, Booch noted that the concept o f object-oriented paradigm lends itself clearly in 
hardware as well as in software development to form the whole system.
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B. CUSTOMER-AND-CQNTRACTOR-QRIENTED STUDIES
In these types of studies, authors are targeting and seeking to improve the interaction 
between contractors and customers in requirements generation and analysis.
Weinshienk (1989) described AG Communication Systems’ method of extracting the 
requirements for product development from customers. The company considered discussions 
with customers to be the most important factor. The company accomplished this through what 
is called a System Planning Document (SPD). A questionnaire and an accompanying 
informative document were sent to the customers to inform them about a technology that is 
about to exist in the near term. The completed questionnaires are analyzed. A history is kept 
in the SPD about the relevance of all requirements.
Hobbs (1986) developed an expert system (DIOGENES) to be used by a systems 
engineer and the prospective user to extract system requirements from user scenarios. The 
expert system is to have two knowledge bases: a system knowledge base and a requirements 
extraction knowledge base. The expert system is to work as follows: 1) The system engineer 
will enter the initial system design based on the operation concept into DIOGENES; 2) 
DIOGENES will execute a data-flow-diagram-based dialogue with the user; 3) the user will 
use the initial system scenario from the operation concept in response to those dialogues.
DIOGENES will have to address the rejection of any user responses. After each 
interaction (one system engineer session followed by a prospective end-user session), the 
following printouts are to be available:
1. A complete description o f scenario entry
2. A set of validated scenario statements
3. A list of user exceptions (where the proposed design cannot accommodate the 
desired use)
4. A list of requirements extracted from the scenario relative to proposed system
design.
According to the author, DIOGENES gives the analyst a rapid, accurate means of 
deriving functional and performance requirements. By considering user needs early, it reduces 
the cost of system development. In addition, the knowledge base could grow or change based 
on advances in those fields.
Bailian (1989) developed a method of requirements specification using the 
object-oriented paradigm. He proposed that this method could be used for hardware/software
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system development. His approach seems to be in parallel with or a successor to the process- 
oriented data flow diagram (DFD). In his methodology, he used what is called an entity data 
flow diagram (EDFD) based on an entity-relation paradigm (E-R). The main goal of this 
approach is to define the problem domain.
Borgida and colleagues (1985) gave an excellent view on how the requirements model 
relates to the real-world problem at hand and how the requirements model relates to the 
software specification that supposedly solves the problem. The symbols in the requirements 
model are related to the world in that each represents some real-world entity or activity.
When constructing the requirements model, one is concerned with such issues as which real- 
world objects should be represented, which of their properties are relevant, and how 
accurately and completely the model represents the world.
In the model and the software system, the software is determined by establishing 
"boundaries." These will define what portions of the model will be realized in a 
computer-based system and what portions will be considered as the environment of the 
system. Therefore only some portions of the model of reality will be realized by the 
implemented system. While the requirements model is as true as possible to reality, the 
software system may be limited.
According to Babbll (1985), the most natural and useful models for systems 
requirements specification will be those that allow one to mimic the structure of the problem. 
Because real-world situations work in parallel, the models for specifying software 
requirements should process parallel, asynchronous characteristics. The goal is to define what 
the system is supposed to do. Further, systems development proceeds by gradual stages in 
which successive approximations of the final systems are made more and more realistic. 
Eventually, a simulation becomes so realistic that it can serve as the delivered system.
This approach, which uses large-grain data flow (LGDF), considers mostly 
requirements specification traceability between the user requirements document and the formal 
system requirements model. The idea underlying this approach is that every part of a 
computation should be to proceed as soon as required input data values and space for output 
values become available. In LGDF, model processes are connected by unidirectional 
datapaths. A circle represents a computational model and arcs represent datapaths. A network 
is made up of circles and arcs. A process is activated by the arrival, consumption, and 
production of data values on the associated datapaths. Processes could be at different levels
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(parent/child). Data interfaces can initially be abstract or described by name and a tag. At 
later stages of development, data type declarations will be associated with each datapath.
In order for such a network of processes to execute, a mechanism is provided for 
processes to signal each other regarding the production and consumption of data (abstract) 
values. Data flow interactions are modeled at all design levels by associating a state with each 
data flow in a network. A state could be full or empty. The empty state signifies that a 
corresponding space is available for writing data (abstract) values by a producer process. Such 
a mechanism could provide a scheduled execution of LGDF processes based on data 
availability.
Zucconi and co-authors (1990) describe a project in which semi-formal software 
development methods were used in parallel with prototyping. The effort was to develop a 
computer-based monitor-and-control system to control external devices. The prototyping was 
used to define and clarify the requirements of the system. The semi-formal approach was used 
to capture and document those requirements. This combination approach was used to 
overcome some of the problems typically related to the prototype. The overall goals of the 
project were to develop an understanding of the requirements for the system and to 
demonstrate its feasibility through a prototyping approach that involves hardware and software 
aspects.
The semi-formal approach was to follow semi-formal analysis, specification, and 
design phase in parallel with prototyping. The prototype began with the requirements 
definition process. Constraints were defined in regard to all hardware, the operating 
environment, the implementation language, and the production system. Because of other 
requirements such as the man-machine interface and computer system control functions, they 
decided to use the prototype approach to define and refine the requirements.
The approach was mainly object-oriented analysis, specification, and design. A set of 
models were constructed, such as an information model, a behavioral model, and a process 
model, for the application domain. Those models were to be mapped onto the target 
environment.
The information model (entity-relation) is used to identify application domain objects 
and their attributes. It also describes structural relationships (e.g., association and 
inheritance) among those objects. The behavioral model uses a state-transition diagram to 
describe the state-dependent behavior o f the object. The process model uses a transformation 
schema to describe the operations performed on or by the object.
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Together these models provide a means of analyzing and specifying a system in terms 
of the static and dynamic properties of the objects it manipulates. Further, the models are 
detailed and formulated to be executable.
The models were used as test cases for the prototype. The model building led to 
asking better questions from the user and allowed developers to clarify and modify existing 
requirements. Also, potential problems with design and implementation were flagged as a 
result of these models.
The use of semi-formal development with adjunct to prototyping provided the 
following meaningful results: 1) Development of information, behavioral, and process models 
improved communications between software developers, hardware designers, and end-users;
2) these models made it easier to understand the application domain and apply a "what-if 
scenario, if needed; 3) use of the disciplined approach as an adjunct to prototype can improve 
the design of the prototype; and 4) the models could provide assistance in generating test 
plans.
Bostrom (1990) investigated the application of communication behaviors from the 
precision model. Mainly, his investigation was in meetings between developers and users 
during the system definition phase. He confirmed that a rapport needs to be formulated 
between those parties. Further, other frame techniques proved to be effective before, during, 
and after the meetings. Such techniques are formulation of desired outcome, evidence 
questions, relevance challenges, backtracking, and pointers.
Willoughby (1989) tackled systems resistant to requirements definition. Because 
requirements could be incomplete, dynamic, partially ambiguous, and not totally measurable, 
then why not look for an alternative method to depend on for requirements definition? In 
order to do that, some assessment or testing of operational effectiveness would have to be 
implemented. The procedure was to have a user group who will develop a set of operational 
scenarios under normal and abnormal conditions. Another group, the response simulation 
group, is constrained to respond only with capabilities that are contained in the latest versions 
of the requirements specification, system design, and/or existing prototyped elements. The 
third group is the operational effective assurance group. Their job is to oversee the aspects of 
the system development process; they have the right to intercede in the process if risks to 
operational effectiveness are discussed.
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C. CUSTOMER-ORIENTED STUDIES
This section focuses on studies targeting the user side of requirements generation and 
planning. Actually, these types of studies are ideal for research such as this. However, there 
are few studies of this type. (Only one article was found.)
Tripp and Filteu (1987) explained the method of systems development used by the Air 
Force Logistics Command (AFLC) when they were updating their material requirements 
planning to what is known as the Requirements Data Bank (RDB). The first step following the 
contract award was that AFLC assigned its top systems people to staff a System Program 
Office (SPO). The task was to collocate and manage the efforts o f the contractor for the life 
cycle of the development. The RDB approach was performed in three steps or phases.
For our purpose here, I will summarize the first phase, developing a top-down 
concept of operations and conceptual architecture. In this phase, the analysis led to publishing 
a concept of operations, which was jointly developed by the SPO and the users. It functionally 
described the expectations for the RDB and showed how it would change the current 
operation. In addition, the RDB process functional descriptions (PFDs) that defined the 
detailed requirements of its 16 segments had to be shown to be consistent with the concept of 
operations. In this effort, the team used a collection of tools from different vendors to 
produce the deliverable documents. Such tools are Excelerator, Customizer, a word 
processor, and others to ensure compatible integration and future automation.
D. DISCUSSION
1. Contractor Focused: These are the requirements studies that focus on the 
contractor side. These papers make up the larger body of the literature reviewed here, 
constituting more than 75% of the total articles. In these papers, the problem of generating 
the requirements document and keeping it up to date are tackled. Other examples of issues 
discussed are how to elicit requirements from the user; how to organize requirements 
documents; where to look when generating this document; where to look when updating the 
requirements document; how to cross-reference requirements with their implemented functions 
(traceability); how to couple prototyping with traditional methodology; how to refine 
requirements; and how to mimic the structure of the problem. Typical examples of these 
papers are by Heitmeyer (1985), Coutinho (1986), Mckay (1986), and Aiken (1987).
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2. Contractor-and-Customer Focused: Studies in this category basically tackled 
methods for bringing user and contractor together in order to develop requirements. Less than 
25% of the literature reviewed belongs in this category. In these studies, the contractor is 
supposed to be in charge and verify with the user group. However, this category is also 
contractor oriented more than customer oriented. An example of issues discussed are user and 
contractor work on a contractor-led software environment such as DIOGENES by Hobbs 
(1986); developing techniques for matching the problem with the tool, such as Aiken (1987); 
and communications improvement, as in Bostrom (1990). In general, examples of these 
studies are in Sondgrass (1988), Bailin (1989), Borgida (1985), and Babbll (1985).
3. Customer Focused: This category is supposed to be customer-oriented studies. 
From the literature collected, only one paper by Tripp (1987) seems to be customer oriented; 
however, the work is really done by the contractor. The contracts were signed and then the 
customer collocated some of its people to manage the efforts of the contractor for the SLC. In 
scrutinizing this study, we find that it really does not help with the objectives set forth in 
section one. The reason is that we want some help in preparing and consolidating our 
requirements before the RFP is disseminated and consequently have bid evaluation criteria 
before the customer signs the contract. After the contract is signed, then the procedure 
followed in the above study would be applicable.
E. CONCLUSION
Each industrial country has its own distinct documented procedures for systems 
acquisition. The philosophy and organizational structure of the different departments of 
defense play a big role in requirements generation. Each one of the reviewed countries has its 
human technical expertise centralized or distributed. Such experts are the prime movers and 
shakers behind requirements generation and systems acquisition planning.
The Saudis might have a shortage of human expertise (especially those possessing 
technical and managerial skills); there might be a possibility of substituting a technology 
(planning support systems) for the real expertise (knowledge bases). None of the reviewed 
acquisition models uses automated planning support system for requirements generation.
In the part of requirements definition review, the studies focus on the small and 
theoretical details. Some of these studies alluded to the solution of requirements generation by
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mentioning that it is toward the human side. Others alluded to structuring requirements around 
objects in the area of domain. However, none of the articles showed a step-by-step practical 
solution to be used by the customer when developing their requirements.
The purpose of our research is to find a better way for narrowing the gap between 
management and engineering when planning government systems. Even though a valuable 
literature review was conducted, the need is still unfulfilled, and a procedural acquisition 
model will be developed. The methodology for model development (research methodology) 




This section basically lays out the plans for carrying out the model development and 
methods of validation. There are two sections here. The first section shows how the research 
model would be conceptualized, developed, modified, and finalized. The second section lays 
out the plans for validating the model and conducting experimental studies.
A. METHOD OF MODEL DESIGN
1. Concept of the Model: The development of a general model with finite phases is 
based on the reviewed literature, the acquisition procedures and experiences from different 
countries, and personal experience including a preliminary field survey conducted during 
summer 1991.
The Saudi Ministry of Finance document "Government Purchasing and Projects 
Implementations," SA-1 (1985), encompasses the royal decrees pertaining to government 
purchasing and projects implementation. One main condition in this document is that 
government agencies should define their requirements. In essence, the model we conceptualize 
should take into consideration a participating user group (where the needs/scenarios start) and 
a technology group (systems engineering group) that maps the needs into some specific 
technology sector and prepares a definite description of actions. There must also be a 
generalists group (procurement group) to handle the interaction with the Ministry of Finance 
and the outside world. There must be a close interrelationship and coordination between all 
groups to achieve optimum results. The concept is depicted in Figure 16.
2. Model Flow Architecture: The model should be made up of a finite set of phases 
to be linked through decision points. The process to follow for developing the model must be 
according to the systems engineering approach of US-SEMC (1988) as shown in Figure 17. 
Further, the model will be developed taking into consideration the following phase 
specifications and requirements:
1. Phase design should first target the research objectives already set at the beginning 
of this research.
2. We should take into consideration the involvement of the three non-homogeneous 
groups who should be trusted for the acquisition process.
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Figure 16 Groups of the Model
3. Each phase should be developed for a custodianship o f one group in mind, but that 
group is to seek help from the other groups when needed.
4. Each phase should end with a milestone document.
5. Each phase could have sub-phases.
6. A decision action is to be made at the end of each phase.
7. Decision points criteria (of previous phases) should be reviewed.
8. A sequence of activities and sub-phases are to be considered by the managing
group.
The logic of the model to be developed should be something in line with what is 
drawn in Figure 18, where the user group defines their needs and seeks help from die systems 
engineering group to detail requirements and contemplate solutions to some technology. 
Finally, the procurement group initiates and coordinates the interaction with the outside 
world.
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Figure 17 Systems Engineering Process
3. Model Enhancement: After a lengthy development, the model will be presented to 
those individuals and groups who participated in the preliminary field survey. Other groups 
from both government and industry sectors will be asked to participate, when plausible. 
Comments, arguments, and suggestions will be gathered, and the preliminary model will be 
enhanced and finalized.
B. MODEL VALIDATION METHODS
1. Overview: A valid model is defined as one that is sufficiently accurate for the 
purpose at hand. In decision models, this purpose has to be a real-world problem (Carson, 
1989). Some researchers who have done a great deal of work on the concept of models 
validation are Carson (1989), Banks (1989), House (1980), Lady (1979), House and Ball 
(1979), and Marcuse and Pilati (1979).
In this research, I am trying to satisfy two different schools of thought: system 
development methodology, as in Alasya (1989), versus experimental research, as in Al- 
kassabi (1985). Both types of research are in line with Leedy’s (1989) assertion that there are 
two types of research: that which adds to our knowledge and that which makes our life 





Figure 18 Model Logical Operation
methodology with verification and/or validation based on frequency statistical analysis and 
control charting (Banks, 1990; Hosny, 1991).
2. Studies on Validation: After reviewing some o f the scholars’ work, it is interesting 
to note the following points. First, some scholars made a distinction between models used to 
aid in decisions and policy analysis and those used in science. House and Ball (1979) made 
the following distinctions:
Validation must be considered in relation to the type o f model and to the 
purpose for which the model is used. . . . Models used to aid decisions and 
policy analysis should be judged on the basis of their utility in aiding decisions 
relative to alternative procedures, rather than on the same basis as models 
used in science. . . . There are risks in insistence on validation, since 
inappropriate application of validation could unfairly discredit models that 
have real utility, [p. 153]
House (1980), on the other hand, showed how model validation is perceived from the 
point of view of both scientists and professionals. He showed that each model validation 
method is more suitable for one model than for the other; it is just a matter of what the issue 
is and what kind of researcher is doing the validation.
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In the professional review approach, one relies upon the collective, traditional 
experience of the profession. Professional judgement based on professional 
standards is why the evaluation deserves attention. . . . Only a professional 
who has participated in the professional culture can have acquired this 
knowledge and be a competent judge, [p. 253]
Second, interestingly, some scholars stressed the idea of user participation in model 
development for policy issues. Marcuse and Pilati (1979) assert:
[One rule] that should be adhered to in policy modeling activities [is]: Users 
(decision makers or their staffs) should participate in the entire modeling 
process including frequent review during the development phase. . . . [p. 339]
On the same issue, Carson (1989) stressed user participation for more credibility:
A credible model is one that is accepted by the client as being sufficiently 
accurate to be used as an aid in making decisions. . . . Thus, communication 
with the client plays a large role both in building a valid model and in 
establishing its credibility, [p. 552]
The third point derived from this review is that some scholars stressed that models 
should be validated with respect to specified objectives. Such scholars are Carson (1989) and 
Hook and Davidson (1989).
The fourth interesting point is mentioned by Banks (1989, 1990). This point is the use
of statistical analysis based on control charting. Banks (1989) says:
The results achieved are commonly along the lines o f being able to please 
some of the people some of the time, but never close to pleasing all o f the 
people all of the time. [p. 550]
With regard to the use of statistics in hypotheses setting and testing, Meyers and Grossen 
(1978) point out:
The use of statistics is simply one of many tools available to the scientist and- 
like any tool—it is only a means to an end. The end point for the scientist in 
our discussion here is a short but cogent statement o f the outcome of his 
research, and the use of statistical tools helps him to construct his statement in 
that fashion, [p. 267]
I summarize the above quotes and ideas for the purpose o f our research with the 
following points:
1. Judge the model on its utility in solving the problem at hand.
2. Only professionals who have participated in a professional culture can be involved in the 
collective judgment on validating related models.
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3. Participation of prospective users of the model during validation is important.
4. Models could be validated with respect to specified objectives.
5. Use of statistics in hypotheses setting and testing is only one of many methods used for 
model validation.
3. Measurement Reliability and Validity: These two issues have been studied by 
many researchers such as Kerlinger (1973) and Meyers and Grossen (1979). They are very 
important in all research in order to reduce measurement error and have a valid inquiry into 
the nature and meanings of issues or variables under measurement.
a. Reliability: A practical definition for reliability was given by Meyers and Grossen
(1978):
The basic question underlying reliability concerns whether the test instrument 
can produce consistent results under comparable testing conditions. We can 
measure this consistency by means o f correlation statistics. Three o f the most 
common applications of reliability issue are test-retest reliability, rater 
reliability, and split-half reliability. . . . Rater reliability refers to the amount 
of agreement observed between two or more raters judging the identical event.
To the extent that they agree, high correlations would be found, [p. 197]
b. Validity: Meyers and Grossen (1978) gave a general meaning o f validity:
Validity addresses the degree to which the measurement used (responses to 
questions in survey research) are actually related to what is supposed to be 
measured. If there is a high degree o f correspondence between the responses 
and the presumed underlying variable, then the survey would be said to be 
valid. There is no statistical definition of validity; rather, validity is often a 
logical concept that is partially based on observational evidence, [p. 196]
Further, they explained that there are two principal ways to argue for validity:
One is a blatant assumption that we are in fact measuring what we claim to 
measure. This alternative will be successful only in an area which is basically 
noncontroversial. . . . The other is to show that our test correlates with other 
measures o f the ability. Notice that both alternatives call for consensual 
agreement and that everyone may, in some sense, be wrong, [p. 197]
I summarize the above ideas for the purpose of our research with the following points:
1. Rater reliability refers to the amount of agreement observed between two or more raters 
judging the identical event. This is a basic problem where control charting is definitely 
applicable.
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2. Validity is a logical concept that could be assumed if the matter is not controversial.
3. For both validity and reliability, the underlying factor is the use of logic and consensual 
agreement.
C. THE MODEL VALIDATION
The ultimate validation here will be to measure the performance of the developed 
model against the methods presently in use on real projects, if we have the time and 
resources. This concept is pictured in Figure 19, where the current methods of systems 
planning by the Saudis are thought of as a blackbox, i.e., not unified. However, for our 
purpose here, we will measure the performance of the model by measuring the opinions of the 
engineers in the field. Such opinions are measured inductively on the same set of 
questionnaires. The first measurement is to set up a point o f reference (as a control for the 
experiment). The second measurement occurs after the subjects are exposed to our model.
Figure 19 Logic of Method of Validation
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1. Basic Questions: The basic questions to be answered are:
1. Do we have a documented standard procedure that every government agency can 
follow to govern their EW systems acquisition and engineering activities, i.e ., do we 
streamline requirements generation?
2. If there is no procedure, or an inadequate one, do we need to establish one?
3. Would the developed model in this research be usable and give better results than 
the methods currently in use?
The research design for answering these questions is stipulated below.
2. Research Design: This section emphasizes the reason for applying the model to the 
Saudi environment. Further, it shows methods and flow of the following issues: group 
selection, questionnaire development, and measurement instrument.
a. Purpose: In our case, the aim is to actually validate the usability and applicability 
of the model to the Saudi environment. Therefore, the research is designed to answer the 
basic questions, to assert the needs found in the preliminary survey, and to make sure that 
objectives set in the problem definition section will be met.
h. Subject Groups: Basically there will be two groups of engineers: 1) government 
engineers from organizations dealing with EW and communications projects (actually those 
are considered to be the potential users of this model) and 2) corporate engineers 
implementing such projects for the government. These corporations represent five countries: 
the United States, the United Kingdom, Germany, France, and Saudi Arabia.
c. Questionnaire: There will be one set of questionnaires for both subject groups. 
However, engineers will be subjected to this set o f questionnaires twice: before being 
exposed to the model and after. The first set of questionnaires is to be taken as the control, 
because I am just measuring the opinion on the methods of current practice. The second set of 
questionnaires (after presentation of the model) is to be taken as the experiment. Statistical 
measurement will be made mostly with the means and the variances. The set of questionnaires 
is shown in Appendix A.
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The format of the scheduled presentation is as follows:
1. Distribute questionnaires and elicit answers to establish a point of reference for 
comparison.
2. Make a formal presentation of the model and conduct discussion sessions.
3. Distribute questionnaires and elicit answers for the second time.
d. Variables: The model usability or applicability, i.e., validity, will be measured as 
a function of five dependent variables. These variables are:
1. Model’s potential for becoming a national standard
2. Quality of acquisition process documentation
3. Methods of generating requirements
4. Quality of generated requirements
5. Cost of requirements generation.
e. Measurement: Measurement will be based on what is called "The Ordinal Scale, 
Likert Type," as shown in Figure 20, based on Meyers and Grossen’s (1978) methodology. 
Measurement of model validity (different from validity of measurement) would be based on 
the opinions of the two groups of engineers (government and corporate). Such opinions will 
be measured against the scale in Figure 20. However, to inhibit the halo effect, plus and 
minus signs will not be shown on the scale.
0—1—2—3—4—5—6—7—8—9—10 
Low High
Figure 20 Measurement Scale
f ll Reliability: To apply some of the methods to our research, the rater reliability 
explained by Meyers and Grossen (1978) is applicable here. We can measure the amount of 
agreement between the judgment o f the engineers on the same issue by means of statistical 
chart control, when reliability is in doubt.
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(2) Validity: Because our basic questions are not controversial, for the time being we 
will blatantly claim that our measurements are valid. Of course, that is judgmental based on 
the content of the question and the elicited answer.
3. Working Hypotheses: To answer the stipulated basic questions above, and follow 
the research methodology depicted in Figure 21 (from Meyers, 1978), a set of hypotheses and 
their alternatives will be set. The different hypotheses show:
1. There is no documented national technical standard procedure for Saudi Arabia to 
streamline the process of EW systems acquisition and structure the process of requirements 
engineering. Further, the developed model has a potential of streamlining the process.
2. Applying the model will result in a documented structured history of the process.
3. Applying the model will increase self-reliance.
4. Applying the model will improve the quality of the requirements generation.
5. Applying the model will be cost effective.
Figure 21 Schematic of a Theory
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D. METHODS OF ANALYSIS
The groups are thought of as being independent. The individual engineer’s two 
responses will be paired for analysis. Hypotheses testing will be considered using the paired t- 
test (Devore, 1982). In addition to making a validation analysis of corporate engineers’ 
responses, this set of data will be analyzed in order to evaluate the model. The model will be 





Model development will proceed as follows. First, based on current thoughts, 
literature reviewed, and experience, a general model consisting of finite phases will be 
proposed. These phases will be linked through decision points. Second, after each phase 
undergoes a lengthy development process and decision point criteria iterations, the model will 
be presented to those individuals and groups who participated in the preliminary field survey. 
Others will be considered when possible. Comments, arguments, and suggestions will be 
gathered, and the preliminary model will be enhanced.
B. CONCEPTUAL MODEL
The model at its highest level consists of five phases: System Need Statement,
System Exploration, Invitation for Presentation, Development of Request for Proposal (RFP), 
and Source Selection, as shown in Figure 22. In real projects, each phase is to be entrusted to 
a group of engineers with the expected deliverable of a milestone document (see also the 
model personnel part of this section). This milestone document is to go through a decision 
point (DP); an example is shown in Figure 23. At this DP, the document can fail and go back 
for reiterations, cancel the project, be put on an active hold, or pass and proceed to the next 
phase. Decision criteria (DC) for each DP is to be developed (DCP) individually; examples of 
these DCPs are in Table I.
C. MODEL PHASES
1. System Need Statement Phase: This phase is to be the first phase in the model. It 
is to be prompted either by realizing a need for some system from experience (bottom-up 
approach) or by some scenarios of strategic planning (top-down approach).
In any case, the aim of this phase is to identify the full scope of the needs in a 
comprehensive format, translate those needs into requirements, and shape the requirements in 
terms of models, when applicable, as shown in Figure 24.
a. Threat Analysis: If we do not know why we need a system, maybe we do not need 
it at all. To know why we need a system, we must first define the problem or some scenarios 
in which the problem can be perceived. In this sub-phase, we must define the threat that
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Figure 22 General Model
prompts the need for such systems. This threat could be based on a real problem situation 
such as external, internal, or border problems that threaten the security of the country or the 
environment. Other cases are mostly based on strategic situations or scenarios of expected 
threats, or anticipated threats are looked into. Figure 24, block 1.1 portrays this sub-phase.
b. Know Your Capability: Unless we know our strengths and weaknesses in some 
sectors of security, we will not know if we could deflect such threats discussed in the section 
above. First, we have to know the mission of our organization. Also, we should define how 
such an organization contributes to the country’s security. Further, we must know how the 
organization interfaces or complements other divisions or agencies. In this case, perhaps some 
threats could be deflected by another organization. In other cases, some threat defenses could 
be delegated up and down to more than one organization. This sub-phase is pictured in block 
1.2 o f Figure 24.
c. Scope the Needs: After knowing our strengths, weaknesses, and 
inter/intra-organizational capabilities, some needs for new systems might be eliminated. 
Perhaps appropriate counterthreats may already exist (i.e., we are already capable in one way 
or another of defending against such a threat). In order to scope the needs, we have to solidly 
define every major and minor problem. The questions to be asked are: What is the problem?
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Figure 23 Model with Decision Points
What are you trying to accomplish? What is the purpose of all of this? This sub-phase is 
depicted in block 1.3.
d. Translate Needs into Requirements: To solidly identify the need, we have to 
structure it into goals, characteristics, capabilities, functions, and other aspects. See block 1.4 
for this phase.
e. Define Requirements in Models: The goal here is really to define your 
requirements by some quantitative models so that these requirements could easily be seen, 
checked, traded, and optimized. However, that goal is an unlikely ideal. If  a requirement 
cannot be quantified, then at least some models could be envisioned and expressed. These 
models could be physical models, prototypes, mathematical functions, or others.
Figure 24,block 1.5, shows this sub-phase.
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Figure 24 Phase 1: System Need Statement
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2. System Exploration Phase: When the document from the previous phase is 
approved and the decision from the right authority is made, this phase starts. This phase is to 
have three sub-phases. These sub-phases are to be done by the same group (Systems 
Engineering Group) but the job is to be done sequentially, or each sub-phase is done by 
different people, but a certain sequence of jobs is assumed. Namely, these sub-phases are 
Trends in Technology, Conceptual System Configuration, and Feasibility Studies. This phase 
is depicted in Figure 25.
a. Trends in Technology: This sub-phase resembles a marketing research job. Based 
on the nature of the needs or problems (documented), investigations are to begin. First, there 
will be investigations on the possible solutions and the type of current technology available 
that have potential for satisfying the needs. The related literature cited should include 
pertinent journals, relevant conferences, and available professional special interest groups. 
Pamphlets or equipment specification sheets are to be collected when available; these may be 
taken from a master archive of the country. Further, the research direction should be 
identified so that we will not get bogged down by an aging technology.
Once the mind is set on some technology, investigation on which country, company, 
and kind of restrictions on transfer are investigated. It is necessary for this sub-phase to be 
documented and updated when changes occur. (See block 2.1 of Figure 25.)
h. Conceptual System Configuration: In this sub-phase, three concepts are important 
and must be developed to draw up the general requirements: concept o f operations, concept 
of logistics, and finally concept of hierarchy of functional equipment (generic equipment by 
function). Each of these concepts is to be separately and specifically documented. These are 
expected to complete the overall documentation of the requirements.
A main activity here is to run modeling and planning sessions based on an automated 
technique. Such a technique is to be centered on Planning Support for Communication 
Systems (PSCS). The basic concept here is to let the customer (system planners/systems 
engineers) conceptually design their system. However, do not sit with a customer and ask, 
"What do you want to have in your system?" Rather, give them the list of all the possible 
attributes that might be possible for that system. PSCS is supposed to be the list provider. 
PSCS uses object-oriented knowledge-base technology to structure and arrange the critical 
characteristics of EW systems, sub-systems, and equipment into a hierarchy of characteristics
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PHASE 2: SYSTEMS EXPLORATION
Figure 25 Phase 2: System Exploration
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in order to allow these attributes to be contemplated as requirements. As planning support and 
guide, PSCS presents to system engineers a list of these critical attributes at the time of 
planning so that the planners would know what to consider. The PSCS environment must have 
the capability to aid the Systems Engineering Group in modeling the needed system at the 
highest level by developing a functional and conceptual system information flow. Lower 
technical information and requirements are to be represented in a knowledge base, or a 
structure of different knowledge bases. During the modeling session, the focus should be on 
the Prime Mission Equipment (PME) as a generic functional equipment.
PSCS is to aid planners in compiling a complete list of quantifiable requirements. 
Attributes of sub-systems; technical positions; philosophy of operations; antennas; receivers; 
equipment in the fields of ECM, ECCM, SIGINT, ESM, and SIMULATORS; and others 
should be integrated into the object archives. Some of the useful sources on EW are Schleher 
(1986) and Price (1984).
The result of the planning session should be a complete document having as many 
requirements quantified as possible, such as performance measures, personnel, equipment by 
function, and Reliability, Availability, Maintainability, and Special (RAMS) requirements.
In EW systems, these critical attributes are usually classified, and the equipment or 
system manufacturing corporations sell equipment (not application, for foreign customers).
The customer is left in the cold unless prior agreement has been arranged with the 
government of the originating country. The real difficulty in this research is not applying the 
object-oriented technology to the EW field to come up with the attribute list. The real 
problem is finding information on these attributes. Therefore, in this research I contemplated 
and developed a skeleton of these knowledge bases of PSCS to show the concept of building 
the requirement list based on the object inheritance philosophy. Three knowledge bases have 
been conceptualized with minimum attributes and developed using Nexpert, from NEURON 
DATA, and are included in Appendix B. PSCS is prescribed in the next section.
O') PSCS System Concept: The PSCS system is a planning support environment 
designed to be as general as possible. It is the objects’ system which determines the specific 
field. In this dissertation, of course, the objects are in the field of EW and radio 
communication systems. The PSCS concept is depicted in Figure 26.
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Figure 26 PSCS Concept
The PSCS is to be interacted with in two ways. First, as a planning support, the user 
is prompted to supply his needed system functionality by checking on pre-designed screens to 
ensure consistency. These screens are based on the conceptual scenarios of the needed system. 
The knowledge bases are supposed to be generic for all types o f projects in the EW field. 
After the planning session, the retained processed copy of the knowledge base becomes the 
project-specific knowledge base that houses all the quantitative and qualitative requirements 
for the project under planning. The details o f  the components will be interactively quarried 
from the user. PSCS prompts the planner with default values for the attributes. If  the default 
information values are not accepted, internal reasoning will be performed; the planner is to 
supply this information.
Second, maintenance o f the inventory objects (housed in the EW object-oriented 
knowledge base) should be performed periodically to stay current with technological 
advances. An example of such a knowledge base is modeled in a semantic network, as shown 
in Figure 27.
78
Figure 27 EW Semantic Network
In building the list of requirements, PSCS looks at the whole system from two 
opposing directions. Using a top-down approach, it looks at the target system for operational, 
functional, and performance requirements slots. Using the bottom-up approach, it looks for 
finer requirement slots such as technical, system, and interface requirements.
(2) PSCS System Configuration: PSCS configuration is depicted in Figure 28. As 
described in the previous section, the objects are to be maintained and kept up to date prior to 
the planning session. The component of the PSCS is the Working Board Engine (WBE). The 
application block diagram is extracted in the Application Network Structure (ANS). The 
objects in the ANS are originally extracted from the Object Inventory System (OIS) and 
stored with the additional parameters into the Application Object Structure (AOS).
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Calculations and configuration of PRAMS (requirements o f Performance, Reliability, 
Availability, Maintainability, and Special) are handled by the five handlers. Based on the 
mathematical models, demons from the knowledge bases are to carry on these activities. 




Figure 28 PSCS Configuration
(31 Requirements Handler Models: The system under planning is thought of as a 
collection of sub-systems or a hierarchy of sub-systems that is further broken down to the 
equipment level. With each level, the PRAMS parameters will be calculated. Such PRAMS 
calculations could be carried up-hierarchy or down-hierarchy and eventually could be 
generated into the sub-system or super-system level. The names of the different mathematical 
models are shown in Figure 28 and are as follows:
8 0
PH. Performance Handler 
RH. Reliability Handler 
AH. Availability Handler 
MH. Maintainability Handler 
SH. Special Handler.
The equations for these handler models are found in many textbooks such as Blanchard (1981) 
. These models are to predict the values for the whole system performance, reliability, 
availability, and maintainability based on the structure of the sub-systems or equipment which 
compromise the system.
('4’) Object System: At this time, objects to be integrated are not compiled in an 
extensive list but are used to explain the concept. The big picture of combining stations, 
operators, and equipment are modeled in knowledge bases and included in Appendix B. Until 
now, only sub-fields of EW are modeled as shown in Figure 27, Semantic Network.
Examples for these knowledge bases and class structures are implemented using Nexpert, 
from NEURON DATA. Listings of these knowledge bases and structures are shown in 
Appendix B.
However, some specific details should be modeled for the other equipment such as 
receivers, transmitters, transceivers, antennas, position computers, tape recorders, dummy 
reports, and communication messages. Again the list is permitted to grow under the 
conditions that the lower objects are to be supplied in the OIS. A generic equipment 
specification should be supplied from data base files. Listings of the modeled objects, classes, 
and attributes are included in Appendix B. These are the result of the three knowledge bases 
(EW_EQ, Stations, and Operator).
An attempt was made to model such objects, classes, and attributes using Level5 
Object from Information Builders Incorporated. Actually, Level5 Object expert system 
(version 2.0) is easier to learn and comprehend than Nexpert (which has 11 manuals). 
However, it is less capable than Nexpert because it lacks the ability to graphically draw the 
complete structure of the object base. Also, Nexpert has a separate package for building the 
user interfaces. Another advantage of using Nexpert is that it is an open system; thus, 
programmers can include anything they need.
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Figure 29 PSCS User Interface concept
(5) User Interface: The user should be permitted interactively to start a new planning 
session, edit a previously saved network, and extract printed reports o f the desired network, 
requirements list, and objects. The interface sub-system is depicted in Figure 29. In this 
figure, the interface is modeled as if it were an external sub-system of PSCS but for clarity. 
Three main concepts are to be modeled: operations, logistics, and man-machine interface.
c. Feasibility Studies: This sub-phase is taken as a general review o f the previous 
sub-phase’s determined requirements. The idea here is to determine how capable we are of 
possessing such technology. Feasibility studies, here, are intended to find out not only how 
we can obtain such technology but also to evaluate its compatibility to existing systems, our 
capability to afford it, our human resources availability, and the lead time it takes to acquire 
the system. This sub-phase is shown in block 2.3 of Figure 25.
3. Invitation for Presentations Phase: This phase is depicted in Figure 30. The aim o f 
this phase is to ask the potential contractors to present their experience and capability. Then,
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the issue is to be focused, i.e., giving a broader notion o f what is needed. Notice here that so 
far we have documented a lot o f secret information. Therefore, we have to evaluate and 
determine what information is essential to be disclosed to the potential contractors. This 
information should be sent to all companies on the list; they should be invited to make a 
presentation if they have the capability, technical knowledge, and experience.
Figure 30 Phase 3: Invitation for Presentation
a. List o f Potential Contractors: Before inviting potential contractors to present their 
capabilities and products, we first have to compile a list of those that should be invited from
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local, regional, and international sources. Sub-phase 2.1 should have compiled a 
comprehensive list from their research activities. In this sub-phase, the list is to be looked at 
for further study.
b. Focus the Issue: At this point, a lot of information and documents should have 
been generated, most of which are supposed to be secret. It is not logical to send the threat 
report to foreign companies. The main idea of this sub-phase is to filter out the sensitive 
issues and only allow the general and less-sensitive information to be disseminated. Further, a 
company is asked to be prepared to show their experience, qualifications, and capabilities and 
possibly to submit references. This sub-phase is depicted in block 3.2 o f Figure 30.
c. Schedule Presentations: The Procurement Group should be in charge o f most of 
the activities in phase three. However, personnel attending the presentations should include 
people from the Systems Engineering Group and from the user group. This sub-phase is 
shown in block 3.3 of Figure 30.
d. Summary of Presentations: After all presentations have been given, a summary 
document is compiled. In this document, there should be a list of all companies, which would 
be used to update the list in sub-phase 3.1.
The general requirements document should not be altered unless a major 
misconception about an important issue was found. In a case where technology is clearly not 
available to support some need, the original requirements document should be kept; however, 
a down-sized version is to be packaged and submitted as in phase 4.
4. Development of RFP Package Phase: This phase is depicted in Figure 31. In 
general, it has two parts. The first part (4.1 and 4.2) is what we supply as information to be 
used by the potential contractors. The second part (4.3, 4.5, and 4.6) provides directives for 
companies on how to structure their proposals.
a. Cover Letter: This is the first block in this phase. In this block we identify our 
agency, size of expected operation, future projected growth, and name (with telephone 




* SIZE OF OPERATION
* PROJECTED GROWTH
* DEADLINE FOR BID
* NAME OF PERSON FOR QUESTIONS
4.2 STATEMENT OF NEEDS
• S O N
* CONCEPT OF OPERATIONS
* CONCEPT OF ORGANIZATION
• CONCEPT OF ILS
• DETAILED REQUIREMENT STATEMENT
_________ 4.3 GENERAL - PROPOSAL
ASK FOR : * STATE OF THE ART TECH.
• NO IMMATURE TECH.
* CREATIVITY WITH UMITS 
SUPPLY: • MAIN SOURCE SELECT CRITERIA
• MODEL CONTRACT 
« OTHERS______________________
4.4 S E M P - PROPOSAL
• TECH PLANNING & CONTROL
• SYS ENGINEERING PROCESS
• ENGR SPECIALTY INTGERATION
• SCHEDULE
• OTHER WHAT & HOW
4.5 TECHNICAL PROPOSAL
• S O W  
•TASK LIST
* SPECIFICATION




• ALLOCATION OF COST
• RATIONALE OF COST
Figure 31 Phase 4: RFP Package
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b. Statement of Needs: In this block we supply our statement o f needs as briefly as 
possible. Further, a tentative concept of operations, organization, and integrated logistics 
support is to be included. Also, a separate, detailed requirements document is to be supplied.
c. General Proposal: This is the block where the general requirements are packaged 
together. Requirements of this type are general contractual conditions. Such phrases to include 
are "state of the art" and "encourage creativity." The model contract, main criteria for source 
selection, and other information is also to be included.
d. System Engineering Management Plan: This section tells the company what is 
expected from them in the engineering management and planning proposal. The company is 
expected to show their method o f technical planning, control, reviews, reports, systems 
engineering process, engineering specialty integration, scheduling, and other related issues.
e. Technical Proposal: This section instructs the company on what is expected from 
them when they submit their technical proposal. It must have a Statement o f Work (SOW), 
itemized task list, specifications, and options. For additional evaluation points (incentives), the 
company should mention any configuration-specific applications, i.e., if some configuration 
could have some important application that was not within the requirements, then it should be 
mentioned here.
f. Cost Proposal: The third expected volume is the cost volume. It should include 
cost estimates, cost allocations, and cost rationales, when applicable. Further, costs should be 
broken down to the lowest possible equipment or service level.
5. Source Selection Phase: This is the phase just before the contract award 
(Figure 32). Company proposals are to be evaluated and rated for better selection process. 
This phase includes developing evaluation criteria, assigning weights to each criterion, 
choosing or developing the selection model, ranking the proposals, and finally making the 
recommendations for the award.
a. Develop Criteria List: In this sub-phase, we are expected to compile a list of all 
the criteria that might make a difference in choosing the source. This list should have been
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Figure 32 Phase 5: Source Selection
developed before even getting the proposals from the companies. These criteria fall into two 
categories: 1) supplier-oriented criteria such as company, economic situation, experience, 
capabilities, stability, and reputation and 2) project or proposal criteria such as planning and 
control method, problem-solving techniques, expandability, methods of testing, post­
installation activities, spares, training, flexibility, open/close system, balancing objectives, and
costs.
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b. Assign Weights: Weight assignment is to be done right after the criteria list has 
been developed. This job is subjective and systems engineering and user groups should 
participate.
c. Develop or Choose Model: In this sub-phase, a mathematical model should be 
used to guarantee decision fairness and to minimize personal bias. One of these models is 
Analytical Hierarchical Process (AHP) pioneered by Saate (1980) and explained in US-SEMG 
(1989). Another model based on weighting techniques is explained by Bannon (1988) and US- 
SEMG (1989); an example is included in Appendix C.
d. Rank Sources: After applying the selection model, the sources should be ranked 
according to result of this model.
e. Make Recommendations: It is not the decision of the evaluators to choose a 
source, but they are required to make recommendations. If a recommendation is made that 
does not have a readily apparent rationale, i.e., does not fit the ranking, then some rationale 
must be included.
D. DECISION POINTS CRITERIA
The authority of making a decision after each milestone (at these decision points) 
should be at a level higher than these three working groups (operational, engineering, 
procurement), for example, a steering committee, service, or ministerial level. After reaching 
a milestone, a decision is to be made. The document is expected to be in a complete, 
professional format. If the document does not meet some specific requirements for each 
milestone, then it has to go back for revision and subsequently be given a different version 
number, assuming the program has not been canceled. Possible decision criteria are shown in 
Tables I, II, III, and IV for Milestones 0, 1 ,2 , and 3, respectively. When the test is passed, 
the next phase is to start. However, two additional actions could happen to the program: It 
could be canceled or put on an active hold.
E. MODEL PERSONNEL
This section first maps the model system architecture onto the structural organization 
of the different agencies involved and shows the conceptual organizational interactions.
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Table I  DECISION POINT 0 CRITERIA-DCPO









Table II DECISION POINT 1 CRITERIA-DCP1
Issue Validity Clarity Comprehensive Others
Current Technology 










Table III DECISION POINT 2 CRTTERIA-DCP2
Issue Validity Clarity Comprehensive Complete Other
Comprehensive list 
Issue Focussed 
Evaluation Criteria list 
Summary Document
Second, phase allocation is explained. Third, the general process flow is explained. Fourth, 
the decision process and levels are clarified. Finally, the custodianship and maintenance of the 
model are explained.
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Table IV DECISION POINT 3 CRTTERIA-DCP3
Issue Validity Clear Complete Consistent Others
Statement o f Needs 
Concept o f Operations 
Concept o f organization 






1. Concept of Organization: The idea of structuring the model into finite phases is 
based on the general structured systems theory pioneered by Demarco (1979) and Yourdon 
(1988). The general system development theory involves basically three phases: analysis, 
design, and implementation. Here the idea is to have at least three organizations interact 
together, as pictured in Figure 33. These groups are operational groups, the systems 
engineering group, and the procurement group.
Figure 33 Model Groups Functional Interaction
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2. Phase Allocation: This section explains how the phase responsibilities are 
distributed among the three groups. All three groups have to work as a team for successful 
results. Phase allocation grants one of the three groups custodianship of the allocated phase. 
Again, this group should seek the help from the other groups when the situation requires.
a. Phase 1 to Operational Group: The first phase in the model is to be structured in a 
process by itself (Figure 24). This process, developed by the systems engineering group in 
cooperation with many operational groups, is to be used by an operational group in a need of 
some system, starting from the perception o f need to the full generation o f requirements 
(Weinberg, 1978).
Although the operational group is supposed to follow this process, sometimes it needs 
assistance from the systems engineering group. For example, when attempting to define 
requirements in models, the systems engineering group will provide the best help.
In some situations this group may seek the help of the procurement group, for 
example, when assessing inter/intra-divisional capabilities. However, this phase is mainly used 
and assessed by the operational group.
h. Phase 2 to Systems Engineering Group: The systems engineering group is to be 
entrusted for the model. First, the group is to develop the model details as in Figure 25. In 
this research, I am only presenting a prescriptive model. Second, this phase requires 
developing software packages such as PSCS (Figure 26), a concept explored by Hobbs 
(1986). This sub-system requires continuous maintenance of objects (templates) to be kept in 
the object archives. Further, based on specific projects, a specific object is modified to suit 
such demand.
This group is to conduct studies on technology trends and generate a conceptual 
configuration of a needed system. Also, this group conducts system modeling and simulation 
in order to consolidate requirements into what are called hard (quantitative) requirements 
(Coutinho, 1986). Further, this group conducts the various feasibility studies.
For this group to accomplish this phase successfully, the help o f the other two groups 
is essential. The operational group will be consulted for satisfaction of requirements 
specifications, as a customer. Assistance from the procurement group will be needed in the 
general, affordability, and contractual requirements.
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c. Phases 3. 4. 5 to Procurement Group: The procurement group is a generalists 
group. They should be familiar with the general conditions of contracting, financial position, 
and general aspects. Furthermore, this group is to act as an interface to the outside 
environment. Information is funneled in and out through this group. This group oversees 
invitation for presentations, RFP package development, and source evaluation phases. Their 
job is analogous to the implementation phase in the general system theory analogy. However, 
involvement of the other two groups is essential.
3. The Process: The following explanation shows how the action is triggered and, in 
general terms, what follows.
a. Scenario 1: System Is Needed: This takes a bottom-up approach. The
hypothetical situation is that some operational group noticed some deficiency in their system 
performance or the lack o f some capability and thought some changes must be introduced.
The need must be investigated locally and delegated upwards if proven to be vital. As a final 
step, the documented need is delegated upward to the highest authority in order to be 
submitted to the next phase (systems engineering group’s job) after passing the decision point. 
From there it could continue until finally a system is procured. However, such a demand is 
susceptible to be put on active hold or be canceled when going up the decision chain.
h. Scenario 2: An Idea: The hypothetical situation here is based on some 
investigated idea imagined by strategists. This is a top-down approach. Because this situation 
is not a real situation threat, the first phase should be chaired by the systems engineering 
group. However, throughout the phase, collaboration with some related operational groups is 
essential. Such operational groups should be those most likely to have functional capabilities 
to deal with the hypothetical threat scenario.
4. The Decision Process: The decision process, in my view, is to be structured in 
three levels. First, the lowest level should be within the operational management of that group 
(i.e., operational, systems engineering, procurement). This decision is to focus on the level of 
satisfaction o f the accomplished job; if satisfied, the resulting document is to be released to 
the working committee and then to the steering committee for a decision (second level of 
decision). The third level of decision would be for the highest authority within each
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department for the smaller scale. However, in the macro situation, where more than one 
department is involved or in the case where the systems engineering and procurement groups 
are centralized, this decision level is kept for the minister, or higher (counsel o f ministers) in 
the case of huge projects.
5. Model Maintenance: In planning this research model, it is not intended for such a 
model to be kept as is and adopted right away; rather, it is planned to be changed, i.e., to be 
taken as a framework for developing comprehensive procedural directives for systems 
development in Saudi Arabia. If  such a model is adopted, it must be optimized and updated 
periodically. My version of this model is to be modular, and each phase is further structured 
into sub-phases. Therefore, the need to optimize one phase or sub-phase should not hinder the 
overall functionality of the model.
Although all five phases could be optimized, I expect only three will need the most 
optimization: phase 2, phase 4, and phase 5.
a. Phase 2 Maintenance: This is the phase that is fostered by the systems engineering 
group (System Exploration Phase). This phase is centered around system conceptualization, 
modeling, and simulation with a generic equipment hierarchy. Also, this phase is to include 
PSCS, which this group should develop or contract out for development. PSCS includes an 
inventory of objects (generic templates of equipment specification and parameters). This 
inventory is to be kept up to date. Also, the generic objects are to be updated to mimic the 
specific project’s potential equipment.
h. Phase 4 Maintenance: Phase 4, as depicted in Figure 31, is to receive the 
accumulated requirements from the preceding phases in addition to the general requirements. 
Then the RFP packages are distributed to potential contractors. Maintenance on the general 
and contractual requirements, though important, will not be addressed here due to the 
limitations of this research.
c. Phase 5 Maintenance: Maintenance or modification in phase 5 would be basically 
performed in three sub-phases: methods of assigning weights to criteria, the selection model, 
and the ranking method (Figure 32). It is conceivable that the systems engineering group is to 
chair the maintenance on those but in close cooperation with other groups.
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F. SUMMARY AND CONCLUSION
Systems analysis, design, and implementation are clearly allocated to three groups 
(operational, systems engineering, and procurement) whose functional interaction is depicted 
in Figure 16. However, the systems engineering group is the prime driver behind the model’s 
development and maintenance. The operational group is to follow and use the procedures set 
in phase one. The procurement group is to use the procedure and the selection sub-model for 
implementing their responsibilities of the process. Even though the systems engineering group 
is the focal point of the action, their job will not be accomplished without the essential 
interaction and cooperation with the other groups. Decisions are made at three levels: local 
decision within a group, steering committee recommendations to the departmental authority, 
and finally decisions made by the minister or council of ministers.
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VII. VALIDATION AND EVALUATION
A. INTRODUCTION
In this section, we will attempt to evaluate the model, that is, to verify that the model 
has been developed correctly. Also, we will try to validate the fact that this model is really 
the model or procedure needed to narrow the gap between top management and engineering in 
the Saudi environment.
Government engineers are used to evaluate the model by showing whether or not it is 
applicable to the Saudi environment. Corporate engineers will evaluate whether or not the 
model has been developed professionally and is measurable to the world class of systems.
B. MODEL PRESENTATION
The tabulation of presentations data is shown in Table V. The model was first 
presented to the government agencies that are involved with communications and/or EW 
projects. The idea is to involve the model’s potential users in its development, as explained by 
Carson (1989) and by Marcuse and Pilati (1979). There were 11 formal presentation and 
discussion sessions. The number of professionals in each session ranges from 3 to 11. The 
before and after (presentation) responses to the questionnaire were collected and are shown in 
Appendix D.
Second, the model was presented to corporate engineers representing five different 
nations: the United States, United Kingdom, Germany, France, and Saudi Arabia. There was 
a total of 9 formal presentation and discussion sessions. The number of participants ranged 
from 1 to 6. The reasons for involving the corporate engineers are twofold:
1. These corporate engineers have experience in dealing with the government agencies on the 
present methods of systems development and may verify the applicability of our model to the 
Saudi environment.
2. These engineers have experiences in different cultures and different points of reference 
when it comes to our model evaluation. They can compare our model to the already known 
models from the different countries. Using this method of evaluation, we are following what 
is suggested by House (1980): "Only a professional who has participated in a professional 
culture can . . .  be a competent judge" (p. 253). The tally o f corporate engineers’ responses 
are shown in Appendix D.
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P a i r e d
Response
Government 11 17 3 >  104 52
Corporate 9 6 1 >  62 31
C. VARIABLES AND ATTRIBUTES
The questionnaire in Appendix A was developed so that the validity of the model 
could be investigated with regard to basically five variables. Two of these variables are 
measured directly from the responses. The other three variables are measured through their 
attributes. These variables are:
1. STANDARDIZATION
The need for standardizing the process (in the first question) is measured directly.
2. DOCUMENTATION
Performance of the model as a tool to structure and generate quality acquisition documentation 
as a function of:
a) System Need Statement (SNS) Document
b) Request-for-Proposals (RFP) Package
c) Document of Research on Related Technology (RSCH)
d) Threat Analysis Report (TAR) and its generation and accessibility (GEN, ACC). 
Therefore,
DOCUMENTATION =  F (SNS, RFP, RSCH, TAR, ACC, GEN)
3. HELP
Performance of the model as a tool for government self-reliance in generating requirements as 
a function of:
a) External Consultant (CONS)
b) External Contractors (CONT)
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c) Internal Staff (STAFF)
d) Software Planning Support Systems (PSS).
That is, HELP =  F (CONS, CONT, STAFF, PSS)
4. QUALITY OF REQUIREMENTS
Performance of the model as a tool for generating sound quality requirements as a function
of:
a) Requirements Completeness (COMP)
b) Requirements Correctness (COR)
c) Requirements Consistency (CON)
d) Requirements Traceability (TR)
e) Requirements Timeliness (TI), i.e., shortness
f) Requirements Documentation (D).
This function is denoted by
Q.O.REQUIREMENTS = F (COMP, COR, CON, TR, TI, D)
5. COST OF REQUIREMENTS GENERATION
Cost of the requirements generation process (in the last question) is measured directly from 
responses.
D. HYPOTHESES SETTING
The main objective of setting hypotheses in this experiment is to enable us to measure 
the effectiveness of the model over the methods of systems development currently in use. 
Preliminary plots of government and corporate engineers’ responses are shown in Figure 34 
and Figure 35, respectively. A comparison of the two groups is plotted in Figure 36. These 
plots suggest that the model will be effectively applicable to the Saudi environment; however, 
any inferences will not be made until hypotheses are set in this section and statistically tested 
in the next section.
In hypotheses terms, the following terms and explanation should be followed:
H10: Denotes the first null hypothesis 
Hta: Denotes the alternative hypothesis
Hola: Means this hypothesis is related to government engineers’ responses while the 
"C" is related to corporate engineers’ responses
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Figure 34 Government Engineers Response
Standardization
H10: Presentation of the model will not show a positive increase in subject responses 
when answering the need for an acquisition model.
Hu: After seeing the model, subjects’ perception of need for a model will increase.
Documentation
Hjq: There will be no change in SNS, RFP, RSCH, TAR, ACC, GEN after model
presentation.
H^: For the model to be effective, these attributes will increase.
Ho3o: After presentation CONS will not change.
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Figure 35 Corporate Engineers Response
H03a: Government engineers will expect the same or less need for consultants, i.e., 
CONS will not increase due to self-reliance.
Hew: There will be no change in CONS.
He*,: Corporate engineers expect an increase in CONS due to less involvement from 
contractors.
HO40: Contractors’ involvement (CONT) will not increase.
Ha4a: Contractors’ involvement (CONT) will increase due to interaction from 
government research engineers.
Hc4o: There will be no change in CONT.
Hc4.: CONT will decrease due to self-reliance and perception o f involvement of 
CONS.
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Figure 36 Model Influence on Government&Corporate Engineers
Hjq: For the model to be less effective, STAFF will not increase. 
H&: STAFF will increase, i.e., more self-reliance.
H^: If the model is less effective, PSS will not increase.
H&: PSS will increase due to PSCS.
Hto: QUALITY OF REQUIREMENTS will not increase.
H7a: QUALITY OF REQUIREMENTS will increase.
Hw: COST of requirements generation will not increase.
Hto: COST of requirements generation will decrease.
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E. RESULTS AND DISCUSSIONS
The collected data is analyzed with a top-down perspective, that is, we will focus on 
the answer to the basic questions stipulated in the methodology section.
1. Availability of a Model: From the responses to the first question, 21% of the 
government engineers thought that there already existed an acquisition model. After the 
presentation, only 17% of this group of engineers answered with "yes.” However, none of the 
engineers gave a standard number for the document, i.e., they just assumed there was one.
Sixteen percent of corporate engineers thought that an acquisition model already 
existed. After the presentation, only 13% answered with "yes." Again none supplied us with a 
standard number. For additional assurances, the Saudi Standards Organization (SASO) office 
was contacted for the possibility of a model. A thorough investigation was conducted with 
their information department. There was no standard for systems acquisition at all.
The conclusion arrived at from the first basic question is that there is no Saudi 
Arabian Standard on Systems Acquisition.
2. The Need for a Model: The second basic question is to investigate whether or not 
there is a need for a model. Almost all government and corporate engineers responded to the 
need for a model with high ratings. The average response from government engineers is 8.7 
before our model was presented to them, as seen in Appendix D. The average response to the 
same question after presenting the our model is 9.4 on the same scale, as shown in Appendix 
D.
Although the need rating (before and after presentation) is high, the increase in 
perception for more of this modeling is:
100 * (9.4-8.7)/8.7 =  8% 
or an 8% perception increase due to our model.
Corporate engineers responded in a similar manner with an average of need of 8.7 
before presentation and 9.2 after presentation:
100* (9.2- 8.7)/8.7= 6% 
or a 6% perception increase due to our model.
At first, 8% and 6% do not seem so significant, but they are actually significant, as 
can be seen when statistically testing the first hypothesis at a significance level of 5%.
The null hypothesis,
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HI0: Presentation of the Model will not show a positive increase in subject responses when 
answering the need for an Acquisition Model.
was rejected (with great confidence) for both government and corporate engineers with the 
randomized paired t-test, with a t-test value of 4.62 and 295. The alternative hypothesis,
Hla: After seeing the model, subjects’ perception of the need for a model will increase.
was accepted. Therefore, an acquisition model is concluded to be needed.
3. Validity of the Model: Results of the answers to the first and second basic 
questions showed that there is no Saudi Arabian acquisition model and that there is a need for 
a model. In this section, we will focus on answering the third basic question, i.e., we will 
validate our developed model with respect to the developed objectives. Validation of the 
model will employ and focus on the testing of the above set of hypotheses.
a. Hypotheses Testing: The hypotheses to be tested are to investigate the validity of 
our model. These hypotheses are Ht to Hg. For a 5% significance level, the null hypothesis 
will be rejected for t-test values if t >  = 1.677 and 1.697 (Devore, 1982) for the government 
agroup and the corporate group, respectively. If the null hypothesis is rejected, then the 
alternative (contribution of our model) will be accepted. T-test values for the variables and 
their attributes are calculated as follows (Devore, 1982):
Difference =  difference in subject responses due to presentation 
Diff =  After - Before 
Dist =  Average of Diff 
STD =  Sample Standard Deviation 
T-St =  Dist/(STD/SQRT(n))
n =  52, 31 for government and corporate engineers, respectively.
These calculations are tabulated in Table VI.
h. Discussion: All the null hypotheses were rejected (in favor of alternatives) except 
H2 in regard to ACC, H ^, and H ^. Even failing to reject H2 signifies a research contribution, 
i.e., our model is not affecting the level of security. Therefore, any accessibility measures are 
not affected by applying the model.
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Ho, failed to reject, meaning that the level of consultants will be the same; thus, 
applying the model is not demanding more consultants. However, a decrease in CONS had 
been hoped for. failed to reject, meaning that the level o f contractor involvement is not 
decreasing; even though there is a change, it cannot be confirmed to be significant.
The model does not show a decrease in cost o f requirements generation; it shows the 
opposite. From a government point o f view, it is to be seen that instead of paying the 
contractor a lump sum of money that includes the cost for requirements document 
development, the work is now shifted to the government side. I believe respondents see only 
the cost that the government will bear now and do not consider that part of the lump sum that 
is now saved from contractors.
From the point of view of corporate engineers, the cost increase is due to the 
development and maintenance of PSCS. On the other hand, the PSCS concept is new to them, 
and they are not sure of the Saudis’ ability to handle such high technology.
To recap, the model is thought to be a strong candidate for becoming a national 
standard. Results showed that the model’s greatest contributions would be to 1) organize 
documentation, 2) enable a sound requirements generation process, and 3) encourage 
government self-reliance.
4. Evaluation: Corporate engineers have a variety of experiences dealing with the 
different acquisition procedures, including experiences in Saudi Arabia as well. Their 
experience ranges from 2 to 40 years with an average of 17 years. Their responses will be 
used to evaluate our model. Here, evaluation is based on our scale used in the questionnaire 
(0 through 10), i.e., on a scale of 0 through 10, how will our model rate? In this evaluation, 
we will only use the second set of the corporate engineers’ responses. Therefore, variables 
and attributes are evaluated as follows:
Standardization (measured directly) =  0, for worst case
=  10, best case
A direct reading of Appendix D for ability of the model to standardize the acquisition process 
is:
Standardization = 9.15 or 92% on the world scale of systems.
Document =  F(SNS, RFP, RSCH, TAR, ACC, GEN)
Tabulating the best and worst cases for each attribute and summing up all points give a better 
quantitative measure for the documentation variable.
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Table VI HYPOTHESES TEST RESULTS





H, Standardization 3.48 2.95 R R
Documentation
SNS 4.12 3.78 R R
RFP 3.8 4.59 R R
RSCH 3.81 4.31 R R
TAR 4.27 1.9 R R
ACC 1.25 2.63 F R Better security
GEN 2.09 2.55 R R
Help
Hg3 CONS 1.39 N/A F CONS is not increasing; self- 
reliance
Ho4 CONT 2.26 N/A R due to research activities by Gov.
Hc3 CONS .N/A 1.77 R shift from CONT
Hc4 CONT N/A -0.8 F role is decreasing
h5 STAFF 2.68 2.12 R R
h6 PSS 3.24 2.36 R R
h7 Q.O.Require.
COMP 2.49 4.25 R R
COR 3.13 3.95 R R
CON 4.52 4.2 R R
TR 2.67 4.76 R R
TI 2.49 2.76 R R
D 2.73 2.11 R R
h8 Cost 3.3 4.17 R R
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Attribute Best case Worst case








Therefore, Document ranges from +50 to -10; denoting Best by + and Worst by - .  
or Document = SNS + RFP +  RSCH + TAR - ACC +  GEN 
= 10 +  10 + 10 + 10 - 0 +  10 =  50 , Best case 
=  0 + 0  + 0  + 0 - 1 0  +  0 =  -10 , Worst case
That means Document =  50 , for the best case on the scale, and
=  -10 , for the worst case
shifting the scale then,
Document =  60 , for the best case
=  0 , for the worst case and
From the average (AVG) values from Dump Sheet Responses to Questionnaire 2: Corporate 
Engineers (Appendix D) then
Document =  7.9 + 8.29+7.45+7.33+7.04+7.54 =  45.55 points 
That makes
Document =  100 * 45.55/60 =  76%
Or we can say that our model is evaluated to be 76% as a world-class system.
Similarly for the other variables and their attributes.





Help =  - CONS - CONT +  STAFF + PSS
That makes: Help = -20 , for worst case 
= +20 , for best case
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Shifting the scale makes: Help =  0, worst case
=  40, best case
From Appendix D then: Help =  - 6.24 - 6.03 +  7.53 +  7.6 =  2.82 points on the unshifted 
scale.
On shifted scale Help =  2.82 +20 = 22.82 points 
That makes Help =  100 * 22.82/40 =  57%
Similarly for Q.of Requirements =  0 , for worst case
=  60 , for best case
From Appendix D
Q.of Requirements = 8 .03+ 7 .93+ 7 .93+ 8 .23+ 6 .7+ 7 .73  =  46.55 
or Q.of Requirements =  100 * 46.55/60 =  78%
F. CONCLUSION
The model demonstrated a feasibility for being applicable to the Saudi environment 
from both subject categories. The greatest influence is in two areas: first, as a tool for 
keeping an intact documentation history of the system development through the acquisition 
process; second, as a planning support and guide for developing sound requirements 
documentation. One drawback for the time being is that costs of requirements generation do 
not show a decrease but rather an increase. However, that is expected because now the 
government is doing the job instead of contracting it.
Our model is evaluated as being good to moderate on the basis of four variables. The 
potential of the model of becoming a standard is evaluated at more than 90%. The model 
ability to produce process documentation is rated at 76%. The model is effective to some 
extent as a tool for self-reliance (approximately 57%). However, as a tool for generating 
sound requirements, it is rated at 78%. The chart in Figure 37 recapitulates these results.
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It was perceived that a problem of technical systems development for Saudi Arabia is 
due to a gap between engineering and top management, in particular with regard to a 
requirements generation process. A preliminary survey (informal visits to corporate and 
government agencies dealing with EW projects in Saudi Arabia) was conducted in summer 
1991. As a result, the scope of research was broadened to encompass the development of an 
acquisition procedural model for EW systems acquisition and engineering for Saudi Arabia, 
instead of focusing only on the requirements phase.
The model is designed to streamline the process of systems acquisition and employ a 
sound systems engineering process in the phase of requirements engineering. A descriptive 
sub-model for planning support for communication systems (PSCS) was developed. PSCS, an 
integrated object-oriented knowledge and data base package, is to serve as planning guide and 
support for the government engineers during systems engineering of requirements.
Potential users o f the model (government engineers) were involved in the model 
development. Their participation served two purposes. The model is presented to them, after a 
thorough design and development, for a "critical design and development review." Also, the 
engineers’ opinions were elicited as a tool for validating the model. Western corporations in 
Saudi Arabia were also involved for the purpose of verification of validation and for model 
evaluation. The model demonstrated a high potential of applicability in the Saudi environment.
B. CONTRIBUTION
A major contribution of this research is the development of the acquisition model. 
However, additional contributions are 1) that the present (insufficient) methods of systems 
acquisition are now getting more attention, i.e., the problem has been brought to light, and 2) 
that I have developed a structured acquisition model (or maybe a version 0 of a national 
standard).
In the area of requirements engineering, PSCS has demonstrated a feasibility of the 
applicability of the object-oriented paradigm into the structured systems development 
methodology. Requirements issues of completeness, correctness, consistency, and traceability 
were enhanced by structuring systems and sub-systems around objects and classes objects.
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C. FUTURE RESEARCH
One of the difficulties in conducting any military-related research is the limited 
information made available. This research is no exception. By looking at the semantic 
network shown in the model design section, one can see that it is impossible for a person to 
claim expertise (or even collect information) on all these branches of EW systems. It takes a 
group of researchers to identify the different EW sub-field characteristics so that the different 
requirement slots are accumulated.
What was prototyped in PSCS is only a minimal system designed to demonstrate the 
concept by showing a framework for requirements development. However, it will be an 
interesting challenge just to coordinate and supervise a group of researchers where everyone is 
concentrating on one branch of EW sub-systems in order to augment the total under the 
umbrella of PSCS.
Experimental research that compares our model with the other existing models might 
reveal a basic knowledge about cultural differences. Such knowledge will help western 
companies develop efficient and cost-effective systems for Saudi Arabia.
Although the PSCS concept in our model deals only with EW systems (objects in the 
domain), development of a similar general-purpose planning tool is feasible, where domain 
objects are only linked when starting the planning sessions.
In our model, the idea of compiling the requirements list is looked at using top-down 
and bottom-up approaches. The idea of looking from the top is to generate the operational and 
performance requirements. The idea of looking from the bottom is to generate system and 
technical requirements. Therefore, there might be a logical cut-off where those two vectors 
meet or stop.
From the section on validation, cost requirements generation did not bring satisfying 
results. There might be a better way of validating the cost-effectiveness variable through an 
indirect measurement.
D. SUGGESTIONS
The application of the major two concepts (the acquisition model and its sub-phase 
PSCS, which were tried and proved feasible) will not show apparent results without a 
philosophical change within the applying organization. From dealing with the different 
engineers in the field, the following limitations or suggestions have to be considered to 
alleviate problems during application:
109
* The engineering resources to develop a working PSCS are available among our engineers, 
and we must grant them responsibility and trust to embark on projects of similar potential.
* What is needed is a change from management to leadership.
* Needs for new systems or capabilities have to be a result of continuous analysis of available 
capabilities and potential threats, rather than technology push.
* Positional authority and responsibility has to be defined and limited.
* Job specification has to be defined, and then the candidate possessing the specified traits and 
educational background is hired.
* There has to be a formal orientation or training format linked to each position.
* Plans have to precede any activity, and methods of monitoring and control have to be 
specified.
* Performance measures have to be specified for a desired job.
* Lessons learned have to be documented and considered in the future.
* Retirees should not cease to make contributions, but rather they should be linked to a 
consultant house so that the younger generation can obtain coaching when needed.
* There must be national committees in regard to national security systems at different levels. 
Membership to these committees should be for a specified period o f time.
In conclusion, have we missed the aim? Or are we going aimless? In our quest for 
higher education, should we differentiate between basic and applied research, especially those 
of us outside the university environment? We should reconsider our euphoric way of 
evaluating technical degrees. Perhaps it looks impressive (to some of us) to have degrees in 
narrow and deep technical fields mounted on the walls behind our executive chairs. Having 
these degrees not only deprives their holders from acquiring more applicable technical 
knowledge and skills critical for the technical leadership, but further hampers their ability to 
oversee the system development life cycle.
Let us be more serious and look for technical leadership, trade depth for breadth (until 
we stand on our feet), basic research for applied, what we like to do for what is best for the 
given the situation. Let us take responsibility and be praised (or blamed) for our actions. Let 






Gentlemen, thank you in advance for spending your precious time to participate in this 
research. You are a true research participant and you are very important to us.
With your participation, we all may set an unprecedented step toward a more effective and 
efficient way of systems development practice in the kingdom.
My Name is Negaa M. Albegami, I am an employee of the Ministry of Interior. Currently 
pursuing my PhD degree at the University of Missouri-Rolla, Missouri. My research area is 
Systems Acquisition and Engineering, and I am especially interested in Electronic Warfare 
Systems (from the government point of view).
My aim is to determine the planning process for technical projects, from the perception of needs 
until production and deployment.
Please answer all the questions to the best of your ability. And please do answer all questions.
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_Saudi _None Saudi 
_Goverament Corporation
_Bachelor _Masters Doctorate Others _ ........
_Elect.Engineer _Computer Science Others _..
Do you wish to receive results of this research? Yes /  No
X  Y  Z
i
Ne
p 1a n n i  ng p h a se Im p le m e n ta t io n  p h a se G e n e ra  1 SYS  
L i f e  C y c l e1
sed c o n t r
1
a c t  s i g n a t u r e  Dep oym ent
Please look at the figure.
A. Do you have experience in X area? ... Yes « No
B. Do you have experience in Y area? ... Yes «■ No
C. Do you have experience in Z area? ... Yes «• No
For the questions to follow, please use this example.
Example: We want to measure the preferences of engineers about joining a professional 
Society. (On this scale circle a number.)
0-1-2-3-4-5-6-7-8-9-10 
Low High
The answer should be a circle around the:
"0"if you think the preference is low for joining the society.
" 10" if you think the preference is high for joining the society.
1/2/.. 19 depending on how strongly you prefer it.
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PLEASE answer the following questions by making a CIRCLE around the appropriate scale 
level; Taking into consideration methods in PRESENT use.
************************************************************
1. Is there a Documented National Technical Standard 
Procedure for Saudi Arabian government that every 
agency must use in all electronic security systems 
acquisition and engineering when developing the 
requirements?
Please circle only o n e -----------> _Yes «• _No
If Yes, please give standard Number....
& rank its effectiveness 0-1-2-3-4-5-6-7-8-9-10
If No, do you think there is a need for one? 0-1-2-3-4-5-6-7-8-9-10
2. Quality of Documentation of Acquisition Process-with
respect to:
a. System Need Statement Document.... 0-1-2-3-4-5-6-7-8-9-10
b. Request For Proposal (RFP) package. 0-1-2-3-4-5-6-7-8-9-10
c. Document of Research on Related 0-1-2-3-4-5-6-7-8-9-10
Technology.
d. Threat Analysis Report (in general) 0-1-2-3-4-5-6-7-8-9-10
-with respect to its:
1) Accessibility/Availability.....  0-1-2-3-4-5-6-7-8-9-10
2) Generation/ Preparation.........  0-1-2-3-4-5-6-7-8-9-10
3. In Generating Requirements How often do you use:
a. External Consultants?.................  0-1-2-3-4-5-6-7-8-9-10
b. External Contractors?.................  0-1-2-3-4-5-6-7-8-9-10
c. Internal Staff?..........................  0-1-2-3-4-5-6-7-8-9-10
d. Internal Staff with help from- 0-1-2-3-4-5-6-7-8-9-10
Planning Support Systems (software)?
4. Quality of Requirements Generated-with respect to its:
a. Completeness.............................  0-1-2-3-4-5-6-7-8-9-10
b. Correctness ..............................  0-1-2-3-4-5-6-7-8-9-10
c. Consistency (in harm ony)............  0-1-2-3-4-5-6-7-8-9-10
d. Traceability.............................  0-1-2-3-4-5-6-7-8-9-10
e. Timeliness................................  0-1-2-3-4-5-6-7-8-9-10
f. Documentation ..........................  0-1-2-3-4-5-6-7-8-9-10
0-1-2-3-4-5-6-7-8-9-105. Cost of Requirements Generation Process .. 
***********END OF QUESTIONNAIRE*********
VALIDATION QUESTIONNAIRE-ROUND 2
Gentlemen, thank you in advance for spending your precious time to participate in this 
research. You are a true research participant and you are very important to us.
With your participation, we all may set an unprecedented step toward a more effective and 
efficient way of systems development practice in the kingdom.
My Name is Negaa M. Albegami, I am an employee of the Ministry of Interior. Currently 
pursuing my PhD degree at the University of Missouri-Rolla, Missouri. My research area is 
Systems Acquisition and Engineering, and I am especially interested in Electronic Warfare 
Systems (from the government point of view).
My aim is to determine the planning process for technical projects, from the perception of needs 
until production and deployment.




Nationality : _Saudi None Saudi
Organization : _Govemment _Corporation
Degree : Bachelor _Masters _Doctorate Others _ ........
Degree field : _Elect.Engineer _Computer Science Others 




p 1ann i ng p hase Im p le m e n ta t io n  p h a se G en era  1 SYS 
L i f e  C y c 1e1
sed c o n t r
n 1
a c t  s i g n a t u r e  Dep oym ent
Please look at the figure.
A. Do you have experience in X area? ... Yes « No
B. Do you have experience in Y area? ... Yes « No
C. Do you have experience in Z area? ... Yes or No
For the questions to follow, please use this example.
Example: We want to measure the preferences of engineers about joining a professional 
society. (On this scale circle a number.)
0-1-2-3-4-5-6-7-8-9-10 
Low High
The answer should be a circle around the:
"0"if you think the preference is low for joining the society.
" 10" if you think the preference is high for joining the society.
1/2/.. 19 depending on how strongly you prefer it.
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PLEASE answer the following questions by making a CIRCLE around the appropriate scale 
level; Taking into consideration the SUGGESTED method as explained in the 
attachment.
************************************************************
1. Is there a Documented National Technical Standard 
Procedure for Saudi Arabian government that every 
agency must use in all electronic security systems 
acquisition and engineering when developing the
requirements?
Please circle only o n e ----------- > _Yes <*■ _No
If Yes, please give standard Number....
& rank its effectiveness 0-1-2-3-4-5-6-7-8-9-10
If No, do you think there is a need for one? 0-1-2-3-4-5-6-7-8-9-10
2. Quality of Documentation of Acquisition Process-with
respect to:
a. System Need Statement Docum ent.... 0-1-2-3-4-5-6-7-8-9-10
b. Request For Proposal (RFP) package. 0-1-2-3-4-5-6-7-8-9-10
c. Document of Research on Related 0-1-2-3-4-5-6-7-8-9-10
Technology.
d. Threat Analysis Report (in general) 0-1-2-3-4-5-6-7-8-9-10
-with respect to its:
1) Accessibility/Availability...... 0-1-2-3-4-5-6-7-8-9-10
2) Generation/ Preparation........ 0-1-2-3-4-5-6-7-8-9-10
3. In Generating Requirements How often do you use:
a. External Consultants?.................  0-1-2-3-4-5-6-7-8-9-10
b. External Contractors?.................  0-1-2-3-4-5-6-7-8-9-10
c. Internal Staff?........................... 0-1-2-3-4-5-6-7-8-9-10
d. Internal Staff with help from- 0-1-2-3-4-5-6-7-8-9-10
Planning Support Systems (software)?
4. Quality of Requirements Generated-with respect to its:
a. Completeness.............................  0-1-2-3-4-5-6-7-8-9-10
b. Correctness............................... 0-1-2-3-4-5-6-7-8-9-10
c. Consistency (in harmony) ............. 0-1-2-3-4-5-6-7-8-9-10
d. Traceability.............................  0-1-2-3-4-5-6-7-8-9-10
e Timeliness   0-1-2-3-4-5-6-7-8-9-10
f .' Documentation ................. 0-1-2-3-4-5-6-7-S-9-10
5. Cost of Requirements Generation Process .. 0-1-2-3-4-5-6-7-8-9-10
***********£NI3 Qp q u e s t io n n a ir e ********* **********************
APPENDIX B.
MODELED OBJECTS, CLASSES, AND ATTRIBUTES, KNOWLEDGE BASES
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Object structure o f EW.KNB
N AM E: AGILITY 
PROPERTIES :
FREQRANGE = (I) Unknown
NAME : ANALYS 
PROPERTIES :
FREQ RANGE = (I) Unknown 
RESPONSE_TIME =  (T) Unknown
NAME : CALIB 
PROPERTIES :
FREQ RANGE = (I) Unknown
NAME : COMINT 
PROPERTIES :
FREQ RANGE = (I) Unknown 
PHYSICAL =  (S) Unknown



















FREQ RANGE = (I) Unknown




FREQ_RANGE = (I) Unknown




FREQ RANGE = (I) Unknown
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N A M E: ELINT 
PROPERTIES :
FREQ RANGE = (I) Unknown 
PHYSICAL =  (S) Unknown
PULSE WIDTH = (F) Unknown
NAME : ELSEC 
PROPERTIES :
CRYPTO =  (S) Unknown
FREQ RANGE = (I) Unknown 
PHYSICAL =  (S) Unknown






FREQ RANGE = (I) Unknown 
RESPONSE TIME =  (T) Unknown





FREQ RANGE = (I) Unknown 
PHYSICAL =  (S) Unknown
NAME : INTRCPT 
PROPERTIES :
FREQ RANGE = (I) Unknown 
RESPONSE TIME =  (T) Unknown
NAME : JAMMING 
PROPERTIES :
ERP =  (F) Unknown
FREQ RANGE = (I) Unknown
NAME : LOCATE 
PROPERTIES :
ACCURACY =  (I) Unknown
FREQ RANGE = (I) Unknown 
RESPONSE TIME =  (T) Unknown
NAME : MAINT 
PROPERTIES :
FREQ RANGE = (0  Unknown
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NAME : RINT 
PROPERTIES :
FREQ RANGE = (I) Unknown 
PHYSICAL =  (S) Unknown






FREQ RANGE = (I) Unknown 
PHYSICAL =  (S) Unknown





CRYPTO =  (S) Unknown
FREQ RANGE = (I) Unknown 
PHYSICAL =  (S) Unknown




FREQ RANGE = (I) Unknown





FREQ RANGE = (I) Unknown
NAME : TRAIN 
PROPERTIES :
FREQ_RANGE = (I) Unknown
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Figure 38 Nexpert Model o f EW Sub-fields
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Object structure o f STATION.KNB
NAME : AIRBORNE 
PROPERTIES :
LATITUDE =  (F) Unknown
LONGTUDE =  (F) Unknown




STA TIO N N  
HQ STA TIO N  
PROPERTIES :
LATITUDE =  (F) Unknown
LONGTUDE =  (F) Unknown
REM OTECONTROL =  (B) Unknown
NAME : HQ_STATION 
PROPERTIES :
LATITUDE =  (F) Unknown
LONGTUDE = (F) Unknown
REMOTE CONTROL =  (B) Unknown
NAME : LAND_STATION 
PROPERTIES :
LATITUDE =  (F) Unknown
LONGTUDE = (F) Unknown






LATITUDE =  (F) Unknown
LONGTUDE = (F) Unknown
N A M E: SEA STATION 
PROPERTIES :
LATITUDE =  (F) Unknown
LONGTUDE =  (F) Unknown
N A M E: STATION 
SUBCLASSES :
M O BILEST ATION 
FIX E D ST  ATION 
PROPERTIES :
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LATITUDE =  (F) Unknown
LONGTUDE =  (F) Unknown
NAME : STATION N 
PROPERTIES :
LATITUDE =  (F) Unknown
LONGTUDE =  (F) Unknown
REMOTE CONTROL = (B) Unknown
NAME : STATION_ONE 
PROPERTIES :
LATITUDE =  (F) Unknown
NAME : STATION_ONE.LATITUDE 
INFERENCE PRIORITY : 1
INHERITANCE PRIORITY : 1
SLOT INHERIT ABILITY : Up 
VALUE INHERITABILITY : Default 
INHERITANCE STRATEGY : Default 
INHERITANCE STRATEGY : Class first
INHERITANCE STRATEGY : Breadth first
ORDER OF SOURCES :
IF CHANGE DO :
LONGTUDE =  (F) Unknown
REMOTE_CONTROL =  (B) Unknown
NAME : STATION_TWO 
PROPERTIES :
LATITUDE =  (F) Unknown
LONGTUDE = (F) Unknown
REMOTE_CONTROL =  (B) Unknown
O STATION




Figure 39 Nexpert Model of Stations
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Object structure of OPERATOR.KNB
NAM E: CENTRAL_DATABASES 
PROPERTIES :
O TH ERREQ  =  (S) Unknown
SCHOOL_BACK_GROUND = (S) Unknown
TYPE_DISCIPLINE =  (S) Unknown
NAME : COMPUTER_SYS 
PROPERTIES :
OTHER REQ =  (S) Unknown
SCHOOL_BACK_GROUND = (S) Unknown
TYPE_DISCIPLINE =  (S) Unknown
NAME : OPER_MAINT 
PROPERTIES :
LEVEL =  (I) Unknown 
OTHER REQ =  (S) Unknown
SCHOOL_BACK_GROUND =  (S) Unknown
TYPE_DISCIPLINE =  (S) Unknown
NAME : OPER_OPERATIONS 
PROPERTIES :
OTHER REQ = (S) Unknown
SCHOOL_BACK_GROUND = (S) Unknown
TYPE DISCIPLINE =  (S) Unknown






CENTRAL_D AT ABASES 
PROPERTIES :
OTHER REQ = (S) Unknown
SCHOOL_BACK_GROUND = (S) Unknown
TYPE_DIS CIPLINE =  (S) Unknown
NAME : SUPPOERT 
PROPERTIES :
OTHER REQ =  (S) Unknown
SCHOOL_BACK_GROUND =  (S) Unknown
TYPE DISCIPLINE =  (S) Unknown
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Figure 40 Nexpert Model of Operator
APPENDIX C.
A MODEL FOR SOURCE SELECTION
128
WEIGHTING TECHNIQUE
In this appendix, a weighting technique is to be explained and demonstrated by an 
example. The process is based on models explained by Bannon (1988) and US-SEMG (1989). 
The steps to be followed in source selection are listed in chronological order:
1. Select the minimum requirement criteria that have to be met by all proposals (screening
process); proposals lacking such criteria will no longer be considered.
2. Select and list critical criteria (features) according to their importance.
3. Assign a weighted value (W), i.e ., a scale by which all criteria will be rated by a team o f
raters, for example, 0 to 10, with 10 assigned to the excellent or important feature.
4. Ask the evaluation team to rate (R) each feature o f each proposal.
5. Multiply the rating by weight (W*R), giving a weighted feature (WF).
6. Add all the weighted features for each proposal, giving a total proposal score, WFP.
7. Add up all weights (all Ws), giving TW.
8. Find the least common denominator (LCD) for all proposals. That is by dividing each
WFPs by TW.
9. Assign each proposal a position based on LCD.
10. If the proposal cost is to be considered, then the proposal cost (P) should be divided by
the total proposal score (WFP), giving a final rank order.
Example:
Suppose we received four proposals from different 
corporations in response to our RFP for the acquisition of a monitoring position. We have 
decided our critical criteria to be response time, reliability, maintainability, and system 
security. The process of evaluation should be as in Table VII.
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Table VII SAMPLE EVALUATION WEIGHTING TECHNIQUE
Pro sosall Proposal2 ProposaB Proposal4
Criterion W R W*R R W*R R W*R R W*R
Response T 10 8 80 7 70 9 90 5 50
Reliability 9 7 63 9 81 6 54 9 81
Maintainability 8 8 64 7 56 4 32 6 48
Sys Security 10 6 60 8 80 7 70 8 80
WFP 37 267 287 246 259
LCD 7.22 7.76 6.65 7
Position (LCD) 2 1 4 3
Sys Cost (P) 3000 5000 4000 3500
P/WFP 416 645 602 500
Evaluation Rank order 1 4 3 2
APPENDIX D.
DATA FROM GOVERNMENT AND CORPORATE ENGINEERS RESPONSE
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Table VIII DATA SHEET FOR RESPONSE TO QUESTIONNAIRE 1:
GOVERNMENT ENGINEERS
Data sheet fo r responses to  questionnaire  1: G overnm ent eng ineers |
Engr Q uest 1 Q uestion (Question {Question Q4
Y N a b c d d l d2 a b c d a b c d e f
1 8 6 8 5 6 6 7 i 6 4 4 4 6 4 4 4 4
2 10 10 9 10 10 10 4 1 7 7 5 4 5 4 4 6 5
3 8 10 10 10 10 10 10 9 9 1 8 5 5 4 5 5 5 7
4 16 8 lb li> 9 9 i 1 2 k $ 8 9 i 8 7 8 9
5 10 7 9 7 8 9 9 9 1 ‘l 9 8 10 10 8 lb 9 10 9
6 10 7 2 9 0 8 7 8 4 8 2
7 5 9 8 9 8 9 7 9 3 8 9 6 6 5 7 3 3 9
8 9 7 9 8 8
9 10 8 8 6 8 8 7 8 8 6 10 8 10
10 9 8 8 10
11 3 10 10 10 10 10 10 10 10 0 0 10 3 3 10 4 10 7
12 8 2 2 2 2 2 2 0 8 10 5 8 8 5 5 7 6 2
13 10 7 10 7 3 6 6 5 5 6 7 7
14 8 9 10 9 10 10 10 8 8 9 9 10 9 8 9 8 8 9 8
15 9 8 8 6 5 5 5 8 8 8 8 8 6
16 10 0 5 5 10 10 3 8 9 5 10 10 10 10 10 10 10
17 10 3 1 0 1 1 1 9 10 3 7 4 3 3 3 10 10
18 8 9 10 7 9 8 9 10 4 10 7 8 9 8 8 9 9
19 10 9 10 10 10 10 10 8 9 6 8 8 7 7 6 6 8 8
20 10 10 10 7 2 4 6 6 3
21 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 8
22 10 10 10 6 10 6 6 7 3 9 6 10 7 7 7 7 10 &
23 8 8 7 9 9 8 9 9 9 10
24 10 8 8 8 9 9 6 7 5 2 7 6 6 5 5 6 8
25 8 10 7 0
26 8 9 9 7 9 8 8 3 4 8 8 8 8 7 6 5 6 6
27 8 8 8 8 9 9 8 8 8 9 9 9 9 9 9 9
28 10 5 6 4 8 9 3 0 5 9 10 10 8 7 10 9 10
29 9 7 7 8 7 7 8 4 4 6 6 6 4 5 5 6 8
30 ~ T 10 3 3 6 6 4 5 4 6 8 5 4 5 4 6 6 7 1
31 0 9 9 8 8
32
33 10 7 7 4 4 4 4 1 7 7 7 3 3 4 1 7 5 0
34 6 8 9 9 8 9 9 7 8 8 9 9 8 8 9 9 9
35 10 6 10 8 0 0 6 4 10 0 0 6 0 0 0 3 0
36 T 10 6 6 10 8
37
38 10 9 9 to 10 8 8 2 9 9 9 9 8
39 6 7 0 0 10 9 8 6 10 0 3 5 7 9 5 8 10 9
40 10 2 4 1 1 1 5 9 2 6 5 3 3 3 2 5
41 6 5 5 6 5 6 4 4 8 7 7 8 5 4 4 4 2 5
42 10 3 4 2 3 2 2 1 5 7 3 4 4 3 4 3 4
43 10 4 5 0 1 1 1 5 0 6 7 10 9 9 6 8 6
44 10 8 9 9 9 9 9 9 9 5 4 8 6 4 4 4 6 6
45 10 10 7 10 10 10 10 5 5 4 3 3 4 3 2 5
46 10 9 10 10 10 10 10 7 7 7 3 8 9 10 10 9 9 10
47 10 9 9 9 7 7 9 9
48 0 2 5 8 9 10 7 7 9 5 6 9 7 7 8 5
49 10 10 10 2 3 3 0 0 10 6 3 3 3 3 3 2 4
50 8 10 10 8 8 10 10 10 10 5 7 10 9 9 9 8 8 6
51 6 7 5 6 3 9 10 9 9 9 9
52 10 2 9 9 8 4 6 7 5
AVG 7 8 .6 8 7 .32 7.35 6 .9 3 7.19 7.23 6.95 6.09 6.7 6 .6 7 5.98 6 .96 6 .9 8 6.32 6.48 6 .2 4 6.98 6.79
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Table IX DATA SHEET FOR RESPONSE TO QUESTIONNAIRE 2:
GOVERNMENT ENGINEERS
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Table X RANDOMIZED PAIRED DATA FOR GOVERNMENT ENGINEERS
Randomized Paired Influence: Government engineers
D iff Q uest 1 Question2 Question3 Q uestion4 <?5
Y N a b C d d l d l a b C d a C d e 7
D l 8 -8 3 1 4 8 2 2 0 -1 2 4 5 5 2 3 4 6 3
D l b b b 1 0 lb b b -1 1 1 1 3 3 5 6 3 4 3
D3 - i 6 -1 -1 -3 -1 b b 1 1 b b b b b b b b - i
D 4 0 - l 2 0 0 -1 - l 0 7 6 2 1 l 0 l 2 3 2 0
D5 - l 1 1 3 1 1 b b -1 -1 b 1 - l - l l -1 1 0 l
D6 0 b b 3 id b 0 b 1 3 l 9 b 0 0 7 1 b 6
D7 -3 b 6 b - l 1 - l 0 -4 b b - i i 3 3 -1 3 6 -1
D8 0 0 8 l 9 0 8 8 2 2 0 8 0 8 8 8 8 8 1
D9 0 0 2 l 4 1 1 1 3 10 ib ib b 0 1 -3 -8 0 3
DIO 6 i 10 $ lb 9 0 b -8 0 b 8 b 0 0 0 0 0 0
D l l 0 i 0 0 0 0 0 0 0 0 3 3 0 1 1 -6 -1 -7 -3
D U <5 1 8 8 8 8 8 8 3 1 b 5 i i 4 4 1 1 i
d T3 0 0 8 8 7 8 8 8 -3 -6 l 4 2 l 2 1 1 -2 -2
D 14 -1 l 0 0 -2 -1 -1 l 0 b b -1 0 1 1 1 1 0 1
D15 0 10 1 2 2 4 10 10 0 0 10 10 5 2 1 -2 -3 -3 4
D16 0 0 lb 5 3 ib 0 0 2 2 -1 6 0 0 0 0 0 0 0
D 17 0 - l - l i 1 -1 0 b b 0 1 -1 -1 3 5 0 •1 -1
D18 1 8 - l - i 1 10 0 l 0 -1 4 -3 1 -1 0 0 0 1 1
D19 0 0 l 0 -1 0 0 0 - l 0 1 -1 1 1 0 1 2 1 -1
D 20 10 0 0 -6 b -1 3 l 2 3 4 4 7 7 7 7 7 7 3
D21 0 0 0 0 0 b - l - l -10 -1 -8 -1 0 0 0 0 0 0 0 2
D 22 10 0 0 0 2 b i l 0 4 -2 1 -3 1 0 b 0 -1 1
D23 -8 10 1 9 3 l 0 l 9 0 0 0 0 1 9 9 0 10 0
D24 6 0 1 1 b 0 -l - l 1 0 3 6 1 3 3 4 i 3 1
D25 0 0 0 0 0 0 0 0 1 -1 2 5 0 0 0 0 0 0 0
D26 0 2 -1 -1 1 -3 0 0 -1 -2 0 -1 -1 -1 -1 0 2 l 0
D 27 -8 10 2 2 2 b 1 l 2 2 2 -2 1 1 10 1 1 l 1
D28 0 0 4 3 3 l 0 9 6 9 5 1 0 -1 1 2 -1 0 0
D29 0 1 3 2 2 9 1 1 0 4 5 3 4 4 6 4 4 4 2
D 30 -5 0 2 2 1 1 2 2 3 1 0 0 3 2 2 1 1 0 3
D31 0 10 10 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2
D32 b 9 8 l6 lb 8 b 8 5 9 10 8 1 8 8 8 9 10 10
D33 0 0 -2 -1 -3 -2 -2 -2 0 -1 0 0 1 2 1 0 -2 -1 4
D 34 0 3 0 -1 -2 b -1 -1 0 1 0 1 -1 0 0 1 -1 0 -1
D35 0 0 -2 0 0 9 9 10 2 5 -6 9 3 2 7 10 9 5 0
D36 -5 8 0 2 3 10 -5 -3 10 10 10 0 0 0 0 0 0 0
D 37 0 8 0 8 9 0 0 0 0 8 0 0 0 0 0 0 0 / 0
D38 0 -1 -2 0 -1 4 -1 -1 1 0 2 0 0 0 7 0 0 0 -2
D 39 3 7 -1 8 9 -2 -2 -2 -1 -7 7 6 3 2 -1 5 1 -2 0
D 40 0 0 4 -2 1 3 1 1 1 -1 2 0 -2 0 -1 2 -1 0 -2
D41 0 0 i 1 -2 - l -1 0 0 -4 -2 -2 -1 0 0 0 0 4 2
D42 0 0 0 0 1 -1 0 1 0 -1 -1 2 -1 -1 -2 0 0 -1 -1
D44 0 0 1 0 b 0 0 0 1 1 -1 -1 -4 -3 -1 -1 -1 -2 -3
D45 0 0 0 10 1 0 - ib 0 0 1 -5 4 6 5 5 5 8 4
D46 0 0 1 6 -3 -1 - l -1 0 1 1 1 2 1 0 0 -10 0 1 -1
D 47 0 0 10 10 lb 0 0 0 0 0 1 0 0 0 10 2 0 0 -4
D 48 0 ~ r 6 1 -3 3 -1 -9 -5 -3 -5 -2 -4 -5 -4 -2 -4 0 6
D49 0 10 -2 -1 -2 7 7 5 2 2 0 2 5 6 6 6 7 8 4
D 50 0 2 0 -1 2 -1 -4 -4 -1 -1 1 -1 0 i l 1 1 1 2
D51 0 -6 0 0 0 b b 0 -1 3 3 7 0 - i 0 0 0 0 9
D 52 0 0 0 0 0 0 0 0 7 0 -4 0 2 i 6 6 -2 3 7
Dist 0 1.98 2 .0 6 1.9 2 2 .4 6 0.65 1.2 0 .6 3 1.12 1.4 1.9 0.83 1.13 2 .1 2 1.46 1.1 1.4 1.35
STDS 3 .0 9 4 .11 3.61 3 .62 3 .3 8 4 .1 6 3 .7 / 4 .13 3 .2 6 T 3 6 3 .7 8 4 .2 3 2 .4 2.61 3 .3 8 3 3 5 3 .1 / 3.71 2 .9 4
^-Statist T J T 3 .4 $ 4 . l l 3 X T T i 4 .1 3 1.13 3 3 5 1 3 5 3 5 3 3 3 8 3 3 4 1 .49 3TT3 4 .3 1 3 3 7 3 3 5 1 J 3 3.3
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Table XI DATA SHEET FOR RESPONSE TO QUESTIONNAIRE 1: CORPORATE 
ENGINEERS
Data sheet for responses to questionnaire 1: Corporate engineers
Engr Quest 1 Question 2 Question 3 Question 4 Q5
Y N a b c d dl d2 a b c d a b c d c f
1 7 7 7 2
2 10 10 10 6 6 6 6 5 10 10 10 5 5 8 8 6 6 5
3 10 10 6 10 9 8 8 7 7 9 9 10 10 10 7 8 9 4
4 0 10 10 10 10 10 10 10 6 6 10 9 4 4 4 4 4 4 3
5 8 7 9 9 10 7 9 5 2 9 9 9 9 10 10 7 9 10
6 7 5 4 4 3 3 0 1 10 10 9 9 9 9 9 9 5
7 9 10 10 9 9 9 9 5 5 5 6 8 8 8 8 8 8 7
8 10 10 8 3 9 10 10 5 5 8 9 7 4 4 1 3 4 8
9 10 2 2 1 0 1 2 7 9 3 7 5 3 5 3 6 5
10 8 8 8 8 8
11 10 8 8 5 10 10 7 7 8 10 6 10 10 8 6 10 9 7
12 8 10 8 8 8 10 8 8 5 3 6 5 5 6 6 7 4
13 10 5 5 4 5 3 8 3 9 9 1 4 7 4 4 7 4 5
14 10 3 3 3 4 3 3 7 9 7 7 7 8 8 7 6 6 9
15 8 6 5 6 5 5 6 0 7 7 6 6 5 5 7 4 6 5
16 8 8 9 8 9 9 9 6 7 8 7 6 4 5 8 7 7 8
17 6 7 9 5 5 5 0 0 8 9 8 8 7 9 6 10 8
18 8 9 7 7 3 2 2 2 6 9 8 9 8 9 7 7 8 9
19 8 9 1 1 1 1 5 0 10 8 8 7 6 6 7 8
20 10 4 8 1 5 5 8 8 2 3 5 5 5 5 8 8
21 9 3 7 1 7 3 3 5 9 1 1 5 7 5 5 5 5 9
22 5 9 9 9 7 8 2 2
23 10 8 8 2 5 6 6 6 6 4 8 8
24 9 2 8 3 2 2 9 9 6 2 1 2 2 2 2 2 4
25 9 2 2 2 2 2 1 9 9 9 2 2 2 2 2 2 2 2
26 3 3 3 4 5 4 2 5 4 3 5 7 6
27 7 7 7 4 6 6 6 3 4 9 9 7 7 6 7 8 8 8
28 10 10 2 10 8 10 5 10 8 8 10 10 10 7 10 8
29 7 7 6 4 4 0 4 7 5 8 9 8 6 4 10
30 10 0 2 0 0 0 0 5 5 8 8 1 1 1 1 1 1 1
31 3 5 5 5 2 5 6 8 8 7 6 8 8 6 5 6 7
AVG 4.5 8.7 6.3 6.7 5 6.09 5.19 5.63 5.Q<5 6.3 7.23 6 6.3 6.3 6.1 6 5.7 6.68 6.2
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Table X II DATA SHEET FOR RESPONSE TO QUESTIONNAIRE 2: CORPORATE
ENGINEERS
Data sheet for responses to questionnaire 2: Corporate engineers
Engr Quest 1 Question 2 Question 3 Question 4 Q5
Y N a b c d dl d2 a b c d a b c d e f
1 8 8 9 9 9 4 4 8 8 4 8 8
2 10 10 10 10 10 10 10 6 8 10 10 10 10 10 10 10 10 8
3 10 10 10 10 7 7 7 8 8 8 8 10 10 10 10 7 10 7
4 0 10 9 9 9 7 7 7 9 9 9 8 9 9 9 9 9 9 9
5 8 8 9 7 8 6 8 5 2 8 10 8 9 10 10 6 9 10
6 10 9 9 9 9 9 10 10 10 10 9 9 10 9 9 9
7 10 9 9 9 9 9 9 5 5 5 3 8 7 7 8 7 8 8
8 10 10 10 8 9 9 9 5 5 8 9 9 9 9 10 6 9 8
9 9 8 8 5 1 8 5 7 5 8 5 5 5 8 3 6 7
10 8 9 9 9 9 9 9 8 8 8 8 9 9 9 9 9 9 9
11 10 7 10 5 10 10 8 7 7 10 7 10 10 7 7 10 7 9
12 10 5 5 4 6 5 8 7 5 3 6 4 5 6 4 5 4
13 10 10 10 10 9 3 9 3 3 10 10 10 9 9 9 6 10 5
14 8 8 8 9 7 9 9 5 5 9 8 9 9 9 10 8 9 9
15 8 9 8 9 7 8 9 2 4 6 7 7 8 7 9 6 9 7
16 8 8 8 8 8 6 6 8 7 9 9 8 9 8 8 9 9 6
17 9 7 8 9 8 8 8 4 4 10 10 9 10 10 9 9 9 10
18 8 9 8 8 5 8 7 7 9 9 10 9 9 10 6 10 8
19 8 9 1 1 1 1 7 0 10 8 7 6 6 5 1
20 5 8 1 8 9 1 7 5 5 5 5 5 2 6
21 9 3 7 3 3 1 1 5 9 2 1 5 7 7 3 3 3 9
22 9 8 9 9 8 8 7 7 6 3
23 9 7 7 8 8 2 5 8 8 7 7 5 6 8
24 10 9 9 9 9 9 5 4 9 9 9 9 9 9 9 9 9
25 10 6 6 4 4 9 9 3 3 5 5 5 7 7 5 8
26 8 8 7 7 8 8 8 10 10 10 9 7 7 8 8 7 9 9
27 6 9 7 7 6 7 8 7 6 5 9 7 7 7 8 8 8 8 9
28 10 10 10 10 10 8 10 8 5 10 10 10 9 8 10 5 9 8
29 6 6 7 6 8 5 4 5 9 6 9 9 8 7 7 9
30 10 8 8 8 8 8 8 1 1 10 10 9 9 9 9 5 9 3
31 7 9 7 7 7 7 7 7 8 8 9 8 8 7 8 8 7 7 8
AVG 5.8 9.2 7.9 8.3 7.4 7.33 7.04 7.54 6.2 6.03 7.53 7.6 8 7.9 7.9 8.2 6.7 7.73 7.8
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Table XIII RANDOMIZED PAIRED DATA FOR CORPORATE ENGINEERS
Randomized Paired Influence: Corporate engineers
Diff Quest. 1 Question 2 Question 3 Question 4 Q5
Y N a b c d dl d2 a b c d a b c d e f
Dl 0 0 8 8 9 0 9 9 -7 -7 -2 4 4 8 8 4 8 8
D2 0 0 0 0 4 4 4 4 1 -2 0 0 5 5 2 2 4 4 3
D3 0 0 0 4 0 -2 -1 -1 1 1 -l -1 0 0 0 3 -1 1 3
D4 0 0 -1 -1 -1 -3 -3 -3 3 3 -l -1 5 5 5 5 5 5 6
D5 0 0 1 0 -2 -2 -1 -1 0 0 -l 1 -1 0 0 0 -1 0 0
D6 0 10 2 4 5 5 6 7 0 -1 0 0 1 0 0 1 0 0 4
D7 0 1 -1 -1 0 0 0 0 0 0 0 -3 0 -1 -1 0 -1 0 1
D8 0 0 0 2 5 0 -1 -1 0 0 0 0 2 5 5 9 3 5 0
D9 0 7 6 7 5 1 7 3 0 5 -2 0 2 3 0 0 2
DIO 0 0 9 9 9 9 9 9 0 0 0 0 9 9 9 9 9 9 9
D ll 0 0 -1 2 0 0 0 1 0 -1 0 1 0 0 -1 1 0 -2 2
D12 0 2 -5 -3 -4 0 -2 -5 0 -1 0 0 0 -1 0 0 -2 -2 0
D13 0 0 5 5 6 4 0 1 0 -6 1 9 6 2 5 5 -1 6 0
D14 0 -2 5 5 6 3 6 6 -2 -4 2 1 2 1 1 3 2 3 0
D15 0 0 3 3 3 2 3 3 2 -3 -1 1 1 3 2 2 2 3 2
D16 0 0 0 -1 0 -1 -3 -3 2 0 1 2 2 5 3 0 2 2 -2
D17 0 9 1 1 0 3 3 3 4 4 2 1 1 2 3 0 3 -1 2
D18 0 0 0 1 1 -3 3 6 5 1 0 1 1 1 0 3 -1 2 -1
D19 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 -2 -7 0
D20 0 1 0 0 0 -5 -5 0 1 -1 4 0 0 0 0 -3 -6 6
D21 0 0 0 0 2 -4 -2 -2 0 0 1 0 0 0 2 -2 -2 -2 0
D22 0 4 8 9 0 8 -1 -2 0 -2 1 -2 0 0 0 0 0 0 0
D23 0 -1 7 7 0 0 0 0 0 0 0 0 2 2 1 1 1 -2 0
D24 0 1 7 1 6 0 7 7 -4 -5 3 7 8 7 7 7 7 7 5
D25 0 1 4 4 2 2 -2 -1 0 0 1 3 3 3 5 5 3 6
D26 5 5 4 3 8 -5 8 8 6 10 8 4 3 4 8 3 7 2 3
D27 -1 9 0 0 2 1 2 1 3 1 0 -2 0 0 2 1 0 0 1
D28 0 10 0 0 8 0 0 0 8 0 0 2 2 -1 -2 0 -2 -1 0
D29 0 -1 -1 7 0 0 4 1 4 1 2 1 1 0 0 1 3 -1 0
D30 0 0 8 6 8 8 8 8 -4 -4 2 2 8 8 8 8 4 8 2
D31 7 9 4 2 2 2 5 2 2 0 1 1 2 -1 0 2 2 1 1
Dist 0.4 1.97 2.42 2.68 2.77 1.16 1.84 1.9 0.94 -0.5 0.68 1.1 2.1 2 2.32 2.58 1.52 1.45 2.03
Stds 1.5 3.71 3.57 3.25 3.58 3.41 3.89 4.16 2.94 3.09 1.79 2.59 2.75 2.82 3.08 3.02 3.05 3.83 2.71
T - S ta t
IS tlC
1.3 2.95 3.78 4.59 4.31 1.9 2.63 2.55 1.77 -0.8 2.12 2.36 4.25 3.95 4.2 4.76 2.76 2.11 4.17
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